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ON    MUSCLE    REGENERATION    IN   THE 
LIMBS    OF    PLETHEDON. 

ELIZABETH  W.  TOWLE. 

Spallanzani  (1768)  and  Bonnet  (1777)  showed  that  a 
salamander  whose  limbs  have  been  cut  off  has  the  power  to 
regenerate  new  ones.  This  discovery  has  been  confirmed  by 
later  writers,  and  although  some  histological  work  has  been 
done,  yet  the  method  of  regeneration  of  the  muscle  bundles 
has  not  been  worked  out.  There  are  several  possibilities : 
first,  the  old  fibers  might  break  down  at  the  cut  ends  and  the 
new  ones  develop  from  the  indifferent  tissue  so  formed,  each 
old  muscle  thus  completing  itself  independently.  Or,  the 
cut  muscles  might  degenerate  along  their  entire  length,  and 
new  ones  take  their  place ;  or  some  of  the  old  muscles  might 
degenerate,  new  ones  being  formed  from  this  tissue,  while  some 
fibers  might  break  up  into  smaller  new  fibers.  An  attempt 
has  been  made  in  this  work,  not  so  much  to  follow  the  origin 
of  the  cells  in  detail  as  to  discover  the  general  processes 
taking  place  in  the  leg  that  lead  to  the  formation  of  the  new 
muscles.  The  regenerating  limbs  of  Plethedon  cinereus  were 
used.     They  were  studied  by  means  of  serial  sections. 

In  addition  to  this  histological  study,  I  have  also  experimented 
on  a  number  of  American  urodeles  in  order  to  see  in  which  ones 
regeneration  of  the  limbs  takes  place.  For  this  purpose  a 
number  of  the  commoner  forms  have  been  studied,  and  in 
connection  with  these  results  a  statement  is  given  of  the 
previous  observations  on  European  forms. 

I. 

Method,  —  One  of  the  anterior  limbs  of  Plethedon  cinereus 
was  removed  halfway  between  elbow  and  hand.  The  regen- 
erating limbs  were  put  up  at  intervals  varying  from  four  days 
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fo  two  wrrk*.  They  were  fixed  in  corrosive  acetic,  hardenc 
fnr  two  or  thrre  i\\\y%  in  95^^  alcohol,  and  then  decalcified  f< 
from  Mix  to  rl^ht  dayfi  in  a  nitric  acid  solution  (HNO3  ^P*  S 
l.4ii,  z  voU.  ♦  IIjO,  98  voIh.)  which  was  changed  daily.  The 
worn  lliinlly  hanlrncd  a^ain  for  three  days  in  95^^  alcohc 
ofniKMldod  and  cnt.  Some  limbs  were  stained  in  toto  with  bors 
farniitir,  btil  Ihr  best  results  were  obtained  by  the  methc 
usimI  by  hyrnrs  {;%%),  vis,,  staining  on  the  slide  in  Delafield 
haonmtdxylln,  followed  by  a  wash  of  picric  acid  in  absolui 
aliMihol.  This  latter  method  difTcrentiates  the  muscle  substam 
voiv  rioarlv. 

lOrvon  stages  wore  preserved  at  the  following  intervals : 
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^^^ws^\M^o  ;M^^tk^«$  \^f  this  scries  were  cut.  Xos.  i,  2,  ai 
5  x^v^v  sU\m<N}  with  hjiowAtx^xylin  and  picric  acid  ;  4,  5,  and 
x^itS  Kma\  OA^wino  ;  *  with  borAX  CArmine  and  picric  acic 
;^  AVK-.  v^  w^th  RhMv^iiFhr'^rh  :i6*>5utK>n  ;*  lo  and  11  with  haem 
^^\^t<yi  ATK**  jMvnv  *xV  In  A\yitiv\n«  normal  limbs  were  c 
Ar^^^l  ^tA'syjiV*  >n  a  siYft^Ur  manner  anvi  used  for  ooniparison. 

V.  >^  *^  V.y  NNVftxv^nionv>e  in  ocsorij>5k>n  I  shall  consider  tl 
^v;^^TsVv  *:^>  AS  TiVAxk'  ur  ^^t  ihroc  Ke^k>ns :  L  that  bctwe< 
;  V  xN::  5;-^..  :>v  c-' Vw  .  11.  :>s."  R^^vvr.  -^us^  aS^x-*  the  cur :  ai 
tV»   ;V  K  '-"*  A^^  ^^"''"^      •*  *^<''  <*Ar.;<^:  stApfs  Kep.-^r.  Ill  d> 
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In  the  first  of  the  series  of  transverse  sections  changes  in 
the  cut  muscles  are  already  noticeable,  the  most  striking  being 
the  increase  in  the  number  of  nuclei,  especially  in  the  outer 
fibers  of  the  limb.  This  increase  can  be  seen  in  Region  I  as 
far  up  as  the  origin  of  the  muscles  at  the  elbow.  In  the  outer 
fibers  the  muscle  tissue  is  becoming  thinner  and  disappearing, 
and  while  the  outlines  of  fibers  and  bundles  are  not  lost,  they 
are  much  less  clear  than  in  the  normal  limb.  The  inner 
bundles,  however,  are  but  little  affected,  and  extend  unbroken 
to  the  cut  end,  which  is  at  this  time  not  yet  entirely  covered 
by  ectoderm.     No  mitosis  is  seen  in  this  section. 

In  stage  2  the  changes  are  more  marked.  There  has  been 
a  continued  increase  in  the  number  of  nuclei  in  Regions  I  and 
II,  the  outlines  of  the  outer  fibers  and  bundles  are  lost,  while 
the  muscle  substance  has  disappeared  except  for  disintegrating 
fragments  here  and  there,  contrasting  sharply  with  the  thin 
cytoplasm  of  the  neighboring  cells.  The  inner  fibers  still  extend 
to  the  end  of  the  limb,  which  is  now  covered  entirely  by  several 
layers  of  ectoderm.  In  the  neighborhood  of  the  cut  three  or 
four  mitotic  figures  are  to  be  found.  In  the  third  stage  Region 
III  begins  to  appear  as  a  small  knob  of  undifferentiated  tissue 
behind  the  cap  of  ectoderm.  In  this  knob 
and  for  a  short  distance  above  it  among  the 
outer  cells  karyokinesis  is  not  uncommon. 

If  we  compare  the  following  stage  (4)  with 
the  normal  limb,  the  principal  changes  that 
have  taken  place  will  be  very  clearly  brought 
out.  In  Region  I  the  increase  in  number  of 
nuclei  is  very  great.  Even  as  far  as  the  elbow 
two  to  four  nuclei  may  be  found  in  a  section 
of  a  single  fiber,  often  crowded  together  so  as 
almost  to  fill  it  (Fig.  I).  Many  nuclei  are  also 
scattered  between  the  fibers.  Below  the  elbow 
the  number  of  nuclei  increases,  the  outlines 
of  the  outer  fibers  are  completely  lost,  and 
the  outer  half  of  the  limb,  which  is  normally  ''"'■  '■ 

solid  muscle,  is  seen  to  be  made  up  of  a  dense  hiass  of  nuclei 
surrounded  by  loose  protoplasmic  substance,  with  here  and  there 


-'.iimr^  if  liMni-^gritin^  miwcle  ':ssiie.  T~ie  iiinines  it  ma 
tnr^  -Ih^r^  vr-f  5nm«=»!iat  ieas  lisnncr  :iian  n  tne  orecsEiin^ 
.».t«,'    mrf  «%niff  if  -Hit  ■vmrtl«i  wen  :a  ae  iniitnnfr  ip.      T"ii» 

■Hat  vt  -ift  tfsg^  ,^  my  juryoKiuesu  ^luiui  inmiiir  :iie  -nuscie 
■livff*  ^IrTwvHftt  "n't  irtcr-^wt  ;n  rhe  number  it  nuciti;  ;a  inummia. 
?*«wi«i^  '■Hi''Via;h  i^T^oo   II  If  this  «:aq&  tin;  aumber   if  ■jiii 


|iliiiii'  wlirri'  ttir  nit  w.\n  ma'lc  all  old  libers  disappear  and  we 
(t'tit  li  l<''j{l"ii  lit.  wtiii  li  is  iniidc  up  entirely  of  closely  crowded 
tint  li't,  I'll  li  NiiMiiiiiii|i-d  l>y  II  nmall  amount  of  protoplasm. 
Km  yol^ii"'"!"  !■  H""!  m-m  in  II,  ;i  short  distance  above  the  cut, 
nini'iit  Ml''  inili'i  i  rl|pi,  mvir  in  tlit  musilf  fibirs,  and  the  num- 
l<i'i  iif  illv-ldlni;  ..-U"  iniirMs.'H  tuward  the  growing  tip  until  it 
llMMlll.'X   >|iillr    liuti<> 

111  Mil'  rillh  -iliiKi-  A  lintln-r  dilTercncc  is  to  be  noted.     We 
tliid  li>   K<  iili'ii   t.  ill  lilt'  iiiix-r  |);)it  of  the  limb,  the  old  muscle 
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fibers,  often  with  several   nuclei,  and   broken  frequently  into 
quite  small  fragments.     Outside  these  are  numerous  nuclei,  as 
before,  but  now  surrounded  by  very  distinct  muscle  tissue 
(Fig-  3)-     This  tissue  has  formed  often  about  several  nuclei 
in  a  group,  and  has  no  distinct  walls  1  there  seem  to  be  as  yet 
no  distinct  muscle  fibers.     But  the  line  of  separation  between 
the  old  muscle  fibers  and  the  new  tissue  is  distinct,  and  a  few 
old  fibers  can  be  traced  to  the  region  of  the  cut,  although  at 
that  level  the  greatest 
part   of    the  tissue    is 
new.     New  muscle  sub- 
stance has    appeared 
about  the  nuclei  for  a 
shortdistance  below  the 
cut ;  but  it  decreases  as 
we  pass  down,  until  we 
find  only  crowded  nuclei 
and  thin  protoplasm.  In 
this  region,  as  before, 
numerous  karyokineses 
are  seen. 

In  Region  I  of  the 
sixth  stage  all  the  mus- 
cle fibers  are  small  and 
the  definite  line  between 
the  old  and  new  is  lost. 
The  majority  of  the 

fibers  contain  in  cross-section  but  one  nucleus,  though  some 
may  contain  two  or  three,  and  in  general  the  smallest  fibers 
and  most  nuclei  are  on  the  outer  side  of  the  limb.  This  is  espe- 
cially noticeable  in  Region  II,  where  the  outer  (new)  fibers  are 
exceedingly  small.  The  muscle  tissue  decreases  in  amount  as 
we  pass  to  Region  III,  until  it  is  all  lost.  Cells  dividing  by 
karyokinesis  appear  at  this  level. 

Stage  7,  though  of  the  same  age  as  the  preceding,  is 
somewhat  further  differentiated,  and  in  this  the  new  fibers 
are  more  rounded  and  have  assumed  a  more  characteristic  form 
(Fig.  4).     A  comparison  with  the  normal  shows  smaller  fibers 
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the  first  place  there  is  a  great  increase  in  the  number  of  nuclei 
within  the  old  fibers,  but  in  no  case  is  any  karyokinests  found 
there.  This  degenerative  process  in  the  old  fibers  must  there- 
fore take  place  by  direct  division  of  the  nuclei.  Instances  of 
this  division  are  shown  in  Figs.  5  and  6.  To  this  division  and 
to  the  disintegration  of  some  of  the  old  fibers  is  due  the  enor- 
mous accumulation  of  nuclei  in  the  outer  part  of  the  limb 
(Fig.  2).  The  .cells  so  formed  then  begin  to  divide  by  karyo- 
kinesis  in  the  region  of  the  cut,  and  thus  a  further  increase  in 
their  number  takes  place.  In  these  outer  cells  new  muscle 
tissue  forms  and   the  new  fibers  are  built   up.     A   certain 

/ 

V 


number  of  the  old  fibers  remain  in  the  middle  of  the  limb, 
and  in  these  the  muscle  tissue  never  disintegrates,  though 
it  splits  longitudinally. 

Again,  as  at  any  one  level  the  number  of  nuclei  far  exceeds 
the  number  of  fibers  in  a  normal  muscle,  a  great  number  of 
them  must,  between  the  early  stages  and  the  fully  formed  limb, 
either  degenerate  or  be  transported  (cf.  Figs.  3  and  4).  That 
this  is  so  is  easily  seen,  for  two  reasons:  (i)  when  the  new 
fibers  form,  at  a  given  level  several  nuclei  are  often  included 
in  one  fiber  ;  when  the  limb  is  full-grown  there  is  only  one  ; 
(2)  among  the  newly  formed  fibers,  but  between  them,  are  many 
scattered  nuclei ;  the  majority  of  these  disappear  in  later  stages. 
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One  further  point  should  be  mentioned.  In  stage  5  the 
line  of  distinction  between  new  and  old  fibers  is  clear,  owing 
to  their  difference  in  size.  In  stage  7  this  distinction  has 
disappeared.  This  is  due  not  only  to  an  increase  in  the  size 
of  the  new  fibers,  but  to  a  decrease  in  the  old.  This  decrease 
is,  I  believe,  due  to  the  longitudinal  splitting  of  such  of  the  old 
fibers  as  are  left  (Fig.  7.  a  and  b). 

Beside  the  stages  described  above,  four  others  were  preserved 
and  cut  longitudinally.  This  was  a  somewhat  difficult  opera- 
tion, for  the  new  part  forms  at 
an  angle  with  the  upper  arm, 
and  it  is  hard  to  orient  the 
piece  in  such  a  way  as  to  insure 


Fig.  7  a. 


Fig.  7  b. 


true  longitudinal  cutting  of  the  muscle  fibers.     The  material 
was  preserved  at  the  following  intervals : 


Time  of  Operation, 

Time  of  Killing. 

Age  of  Stump 

I.  J. in.  29,  1900. 

Feb.     2,  1900. 

4  days. 

t                        it                      t 4                         (( 

*.        ,2,       ». 

14    - 

5' 

'•        19.       '* 

21        '' 

4.      

28,       " 

30    »' 

The  first  of  these  shows  no  transformation  at  the  cut  ends 
of  the  muscles,  but  the  ectoderm  has  closed  in  over  the  wound. 
In  the  second  there  is  a  considerable  increase  in  the  thickness 
of  the  ectoderm,  and  under  it  a  collection  of  scattered  nuclei, 
exactly  similar  to  the  tissue  in  the  growing  end  of  later  stages. 
As  the  limb  grows  in  length  this  tissue  increases  in  amount 
and  a  number  of  mitoses  are  seen  in  it.  Degeneration  of  the 
old  fibers  is  distinctly  noticeable  in  stage  3,  and  fibers  are 
found,  as  before,  filled  with  nuclei,  but  there  is  no  karyokinesis 
in  any  muscle  fiber. 
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Summary. 

The  main  changes  that  take  place  in  the  muscles  of  Plethedon 
cinereus  during  the  process  of  regeneration  are  as  follows  : 

I  {a)  In  the  cut  muscles  the  nuclei  divide  directly  and  in  the 
outer  bundles  the  fibers  disintegrate,  leaving  masses  of  nuclei 
with  a  small  amount  of  cytoplasm,  (b)  Some  of  the  cells  so 
formed  later  divide  mitotically,  and  by  them  new  muscle  sub- 
stance is  laid  down,  (c.)  As  the  number  of  nuclei  is,  however, 
far  in  excess  of  the  normal  number  of  muscle  fibers,  many  nuclei 
must  degenerate  or  be  transported. 

.  2.  The  fibers  of  the  inner  bundles  do  not  disintegrate,  but 
split  longitudinally,  giving  rise  to  smaller  fibers,  which  are  soon 
indistinguishable  from  those  formed  as  described  in  i . 

3.  The  arrangement  into  muscle  bundles  first  becomes 
clear  at  the  end  of  about  six  weeks. 

4.  There  is  no  change  in  the  muscles  of  the  upper  arm. 

II. 

The  following  is  a  brief  summary  of  the  main  observations 
that  have  been  made  on  the  power  of  regeneration  of  the  limbs 
in  European  species  of  salamanders. 

Spallanzani  (8),  in  1768,  published  a  number  of  observations 
on  aquatic  salamanders,  presumably  species  of  Triton.  In  these 
he  found  that  any  or  all  of  the  limbs  will  regenerate,  no  matter 
what  the  species,  size,  or  age  of  the  animal,  the  larger  ones 
regenerating  more  slowly  than  the  smaller  forms.  Regenera- 
tion will  take  place,  he  maintained,  even  when  the  limbs  are 
disarticulated. 

Bonnet,  1777  (2),  confirmed  Spallanzani's  observations,  finding 
that  in  Triton  cristatus  the  hands  and  fingers  will  regenerate. 

Von  Siebold  (7),  in  1828,  recorded  abnormal  regeneration  of 
the  fingers  of  Triton  cristatus. 

Higginbottom,  in  1847  (4,  p.  29),  observed  that  in  Triton  the 
limbs  will  regenerate  at  a  temperature  of  from  48°  to  57°  F. 

Philippeaux  (6),  in  1866,  was  the  first  to  prove  conclusively 
that  limbs  when  disarticulated  will  not  regenerate.  His  experi- 
ments were  made  on  Triton  cristatus  and  Axolotl. 
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Dumeril  (3),  in  his  paper  of  1867,  in  the  course  of  other 
observations,  notes  the  fact  that  in  an  Axolotl  the  two  anterior 
limbs  regenerated  after  injury. 

Wiedersheim,  1875  (i»  P-  9S)>  found  that  the  toes  of  Triton 
cristatiis  will  regenerate,. while  there  is  no  regeneration  of  the 
limbs  in  Proteus  and  Siren  lacertina, 

Erber,  1876  (4,  p.  34),  notes  regeneration  of  the  feet  of 
Siren  lacertina, 

Goette,  1879  (5),  records  the  regeneration  of  a  leg  of  Proteus 
after  a  year  and  a  half.  Regeneration  also  occurs  in  Amphiuma 
and  Siren,  in  Triton  cristatus^  T,  taeniatus^  and  their  larvae. 

Weismann  (9),  in  The  Germ  Plasm,  1893,  says  that  the  limbs 
of  Salamandra  regenerate,  while  in  Triton  marmoratus  regen- 
eration is  slight  or  absent. 

Barfurth  (i),  in  1894,  reports  regeneration  of  the  feet  and 
digits  of  Triton  taeniatus  and  Sire  don  pisciformis.  This  regener- 
ation is  normal  or  abnormal  according  to  the  plane  and  method 
of  the  injury. 

I  have  experimented  on  the  following  forms,  removing  a  fore 
foot  and  a  hind  foot  from  different  individuals  of  each  species : 
Plethedon  ciftereus,  Spelerpes  ruber,  5.  guttolineattis^  Destnog- 
nathus  ochrophaea,  Mancultis  quadridigitatiis,  Ambly stoma 
opacum,  Diemyctybis  viridescenSy  Amphijima  means,  and  Nec- 
tunis  maculatus.  Of  these,  all  have  regenerated.^  The  regen- 
eration in  Spelerpes,  Desmognathus,  Manculus,  and  Ambly- 
stoma  was  comparatively  rapid,  and  new  limbs  were  well 
formed  in  four  months,  though  they  were  somewhat  smaller 
than  the  old  limbs.  Diemyctylus  was  slower  in  reaction, 
while  the  first  Necturus  to  show  a  distinct  regenerated 
stump  did  so  only  after  eight  months.  Other  individuals  of 
the  same  species  showed  no  regeneration  even  at  that  time. 

I  desire  to  thank  Professor  T.  H.  Morgan,  under  whose 
direction  this  work  was  undertaken,  for  his  kindly  assistance 
during  its  progress. 

Biological  Laboratory  of  Bryn  Mawr  College. 

^  Amphiuma  means  was  observed  for  only  eleven  weeks.  At  that  time  regen- 
eration  was  slight.     The  regenerated  stump  was  not  sectioned. 
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REGENERATION    OF    PROPORTIONATE 
STRUCTURES    IN    STENTOR. 

T.  H.  MORGAN. 

The  important  results  of  Gruber  and  of  Balbiani  on  the 
power  of  regeneration  of  pieces  of  Stentor  coeruleus  opened 
the  way  for  further  experiments ;  and  the  works  of  Johnson  and 
of  Lillie  on  the  same  form  have  added  some  further  results  of 
interest.  There  remained,  however,  one  problem  that  had  not 
been  touched  upon  by  these  investigators,  an  answer  to  which 
is  needed  to  make  more  complete  our  knowledge  of  the  regen- 
eration of  unicellular  forms.  I  refer  to  the  question  of  the 
proportionate  development  of  the  new  organs  in  pieces  of 
different  sizes,  and  from  different  parts  of  the  body;  and  also 
the  no  less  important  question  of  the  change  in  size  of  old 
organs  that  may  be  present  on  the  piece  at  the  time  of  its 
removal.  It  is  the  purpose  of  the  present  communication  to 
describe  certain  experiments  that  bear  on  these  questions. 

Although  it  is  evident,  in  a  general  way,  from  the  figures 
given  by  Gruber  and  by  Balbiani  that  a  small  piece  produces  a 
smaller  peristome  than  does  a  large  piece,  yet  their  figures  do 
not  show  definitely  that  such  is  the  case,  and,  in  fact,  it  would 
be  difficult  to  determine  that  such  is  the  case  from  observa- 
tions made  on  the  swimming  animals.  The  figures  that  have 
so  far  been  published  represent  the  new  stentor  as  it  appears 
while  contracted  or  when  swimming.  To  obtain  sufficiently 
accurate  data  for  the  problems  that  I  wished  to  examine,  it  was 
necessary  to  make  the  measurements  and  drawings  from  the 
stentor  at  rest  when  in  a  fully  expanded  condition.  The 
object  of  my  work  was  to  find  an  answer  to  the  following 
questions  :  i.  Do  small  pieces  produce  a  new  organism  having 
the  typical  proportions  of  the  normal;  and  does  it  make  any 
difference  in  this  respect  as  to  the  part  of  the  stentor  from 
which  the  piece  is  taken }     2.   If  a  piece  containing  the  old 

3" 
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peristome  is  cut  off,  will  it  retain  the  old  peristome,  or  absorb 
it  and  produce  a  new  one  of  proportionate  size  ?  If  the  old 
peristome  persists,  will  it  decrease  in  size  until  it  has  assumed 
the  typical  proportions?  3.  If  a  part  only  of  the  old  peri- 
stome is  left  on  a  piece,  will  the  missing  parts  be  regenerated 
from  it,  or  will  a  new  peristome  develop  ? 

There  appeared  during  January  and  February  in  one  of  the 
aquaria  in  the  laboratory  a  large  number  of  stentors,  whose 
presence  seemed  to  be  connected  with  the  appearance  of  vast 
numbers  of  vorticellas,  on  which  they  fed.  The  operation  of 
cutting  the  stentor  in  two  or  more  parts  was  carried  out  either 
by  means  of  small  scissors,  or,  in  most  cases,  by  a  sharp  scalpel. 
The  latter  operation  is  greatly  facilitated  by  placing  the  ani- 
mals in  a  dish  of  water,  the  bottom  of  which  is  covered  by  a 
Uiycr  of  paraffin. 

The  following  measurements  give  the  length  of  the  normal 
blue  stentor  and  the  greatest  width  of  the  peristome. 

l.«il|tth.  Width  of  Peristome. 

2%$  mm.  .5-  mm. 

1 .0  .46 

1,4  40 

»•:  'SO 

I  r  -4S 

>  ^  -44 

\  >o  .4S 

It  A  Stentor  is  cut  in  t\\\>  bv  a  cross-cut,  as  indicated  in 
Fi5;>  u  -^»  «*"^  \the  anterior  piece,  F.  being  smaller  than  the 
jvxs:crio»r*  i"^,  the  cut  surfaces  of  each  piece  are  closed  almost 
ins:an:*.y  by  the  outer  ^ayer  bending  over  the  exposed  part. 
On*\  a  tain:.  cUwr  line  on  the  surface  indicates  where  the  cut 
h,\s  Ncv:^.  r.*..u:o  The  histvW  v>!  the  anterior  riece  is  as  foi- 
'x^u^^  Iv.  the  vVUT^o  v>:  an  hv^.::  or  two  the  t^ie-ce  becomes  some- 

Wfc^»*      •**.■*  »-i      •v\''**">*'        t*      •  •*  I*      •'V\<* -^  *■*.>"      z'***    '         5"    "       ••».*•«*     t^V^k^    if"Crf*^f 

^^    •  •«%  *         i.^iV         »^..     »v..        «\%        %«.V         »*%  ^^  «V*.V.         K,.>v..      •%..,.        «».V..a      « 4  Jkw9     «kd^4A 

\  ..V.    ..-w  w    Ok ^ ,   >    »v    »  ..•.»•    ^  • »v*  .*  >»,\.K.  ,:. —  j^.. .c.   inii iccu 


4    V   .  V \ s,    .>  >.  .  .» V  .>    .v' ■«.-»..     .>  -CC3^^*]^  lor 
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B' 


B' 


B 


11 


I 


I 


B* 


C 


C 


Fig.  I. — Ay  contracted  stentor  to  show  where  the  cut  was  made,  a-a;  B^  anterior  end  five 
hours  after  the  operation ;  if*,  an  anterior  piece  thirteen  hours  after  operation ;  ^,  B^^ 
anterior  pieces  twenty-four  hours  after  operation ;  B^,  anterior  piece  forty-eight  hours 
after  the  operation. 

C,  posterior  or  foot  end  of  ^  ;  C,  posterior  end  five  hours  after  operation  ;  C,  O,  pos- 
terior ends  twenty-four  hours  after  operation. 
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yet  reduced  sufficiently  to  give  the  piece  the  typical  propor- 
tions. Tvro  other  head-pieces  of  this  same  series  are  shown  in 
Fi^,  \,  F^,  f^,  that  were  drawn  twenty-four  hours  after  the 
operation.  It  is  even  more  evident  in  these  (compare  with 
Pig,  2,  Ay  for  normal)  than  in  the  last  that  the  peristome  is  too 
broad  for  the  length  of  the  stentor.  Even  after  another 
twenty-four  hours  one  of  the  pieces  had  still  retained  the  same 
form  as  shown  in  Fig.  i,  B^. 

The  posterior  piece,  Cy  fixes  itself  at  once  by  the  old  foot, 
and  may  soon  elongate  to  its  full  length.  In  the  course  of 
two  or  three  hours  a  clear  band  appears  extending  somewhat 
obliquely  over  the  rounded  end  of  the  piece  (Fig.  i,  C),  Cilia 
appear  along  the  band.  In  a  few  more  hours,  the  rate  depend- 
ing on  the  temperature,  the  ciliated  band  moves  forward  around 
the  anterior  end  of  the  piece,  and  in  doing  so  bends  around  on 
itself  into  the  characteristic  peristome.  A  new  peristome- 
field,  or  disk  marked  by  delicate  parallel  lines,  appears  on  the 
inner  side  of  the  band  even  before  it  moves  forward,  and  as 
the  band  bends  around  to  make  the  terminal  peristome,  the 
new  disk  comes  to  lie  in  its  central  part.  A  depression,  that 
appears  at  the  basal  end  of  the  band,  forms  the  pharyngeal 
funnel.  The  new  peristome  is  smaller  than  that  of  the  original 
animal,  and,  as  the  figures  show  (Fig.  i,  C*,  C^,  (7*),  it  is,  in 
some  cases,  even  smaller  than  the  reduced  peristome  on  the 
anterior  piece.  The  foot-piece  is  also  at  first  very  long  as  com- 
pared with  the  size  of  the  new  peristome  ;  and  this  condition 
may  remain  for  several  days. 

These  results  demonstrate  that,  for  some  time  after  the  new 
organs  have  developed,  the  new  stentors  retain  some  of  the 
peculiarities  of  the  part  of  body  from  which  they  have  come. 
When  the  pieces  are  contracted,  or  are  swimming,  these  rela- 
tions are  scarcely  evident  and  might  easily  escape  detection. 

The  transformation  of  an  anterior  piece  into  a  new  stentor 
is  much  more  strikingly  seen  when  only  a  small  part  of  the 
anterior  end  is  cut  off.  One  set  of  observations  on  the  same 
individual  is  represented  in  Fig.  2.  The  stentor  fully  extended 
is  represented  in  Fig.  2,  A.  The  anterior  end  had  been  cut 
off.  as  shown  in   Fig.  2,  A^y  while  the  animal  was  contracted. 
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After  its  removal  the  anterior  end,  B^  contracted  still  more,  so 
that  its  posterior  cut-surface  was  quickly  covered  over  by  the 
bending  in  of  the  sides  ;  the  disk  bulged  forward.  After  a 
few  hours  the  piece  became  somewhat  pointed  at  its  posterior 
end,  and  then  fixed  itself  by  a  foot  that  appeared  at  the  end. 


B 


il 


Fig.  a.  —  /f,  1.4  x  .4  mm.  Stentor  fully  extended ;  /f'l  same  contracted,  cut  in  two  at  a~a\ 
Bf  C,  immediately  after  operation;  B^,  .56  x  .a6,  anterior  end  after  twenty-four  hours; 
Z^,  .7  X  .25,  same  after  another  forty-eight  hours;  B^^  .64  x  .aS,  same  after  another  four 
days,  f>.,  seven  dajrs  after  operation ;  C,  i.a  x  .37,  posterior  end  after  twenty-four  hours; 
C,  I.a  X  .ao,  same  after  another  forty-eight  hours. 

After  twenty-four  hours  (it  had  been  kept  in  the  cold  over- 
night, i.e,,  for  ten  hours)  it  appeared  as  shown  in  Fig.  2,  B^, 
The  old  stentor  measured  1.4  mm.  by  .4  mm.  This  new 
stentor  measures  .56  mm.  by  .26.  The  old  peristome  has, 
therefore,  decreased  nearly  to  half  its  original  width.     Two 
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days  later  (Fig.  2,  B^)  the  stalk  was  somewhat  longer,  and  after 
another  four  days  (Fig.  2,  EP)  the  form  had  not  materially 
changed.  The  development  of  the  posterior  piece  of  this  same 
individual  is  shown  in  Fig.  2,  C^  and  C^,  The  piece  is  about 
twice  as  long  as  the  anterior  piece,  but  its  peristome  is  about 
the  same  size. 

A  similar  operation  was  carried  out  on  another  individual  ; 
the  results  afe  shown  in  Fig.  3,  A,     A  very  small  part  of  the 


B 


Fro.  ^.  — A,  1.7x4.  Stentor  fuUy  extended:  W*,  same  contracted,  cut  in  two  at  a-a\  B^  C, 
iinmediate/y  after  operation;  B'^,  .5  x  21,  five  hours  after  operation  :  B^,  .5  x  .34,  thre« 
days  after  operation;  (.'*,  posterior  piece,  1.2  x  .27.  five  hours  after  operation;  C,  same, 
1.6  y  .j2,  three  days  after  operation.  In  Figs.  2  and  3  one  individual  used  in  each.  In 
Fig.  I  several  individuals  were  used. 

anterior  end  was  cut  off  (Fig.  3,  A^).  It  contained,  however, 
the  entire  peristome  and  disk  (Fig.  3,  B).  About  thirty  hours 
after  the  operation    the  anterior  piece  appeared  as  shown  in 


No.  6.]   PROPORTIONATE  STRUCTURES  IN  STENTOR,    317 

Fig.  3,  B^,  After  three  days  more  the  new  stentor  had  about 
the  same  form.  The  peristome  is,  as  compared  to  that  of  the 
original  stentor,  too  wide  for  the  length  of  the  new  individual, 
although  it  is  not  much  more  than  half  the  width  of  the  old 
peristome. 

The  development  of  the  posterior  piece  is  shown  in  Fig.  3, 
C^  and  C^,  In  this  piece,  particularly  in  the  earlier  stage,  C^, 
the  peristome  is  smaller  than  was  the  original  peristome,  and 
also  relatively  smaller  as  compared  with  the  entire  length  of 
the  animal. 

In  order  to  be  certain  that  the  anterior  pieces  did  not  pro- 
duce new  peristomes  during  the  night,  they  were  kept  in  a 
cold  place  when  not  under  observation ;  for  I  had  found  that 
under  these  circumstances  the  formation  of  a  new  peristome  is 
greatly  delayed,  even  although  it  may  have  begun  to  develop 
before  the  piece  is  subjected  to  the  cold.  In  this  way  I  could 
retard  the  development  of  the  peristome  for  twelve  hours,  so 
that  I  felt  certain  that  a  new  peristome  had  not  developed  on 
these  anterior  pieces  in  my  absence. 

In  other  experiments  pieces  of  different  sizes  were  cut  from 
the  foot-end  in  order  to  see  if  the  size  of  the  new  peristome 
that  is  formed  is  in  proportion  to  the  size  of  the  piece.  It  was 
found  that  a  smaller  peristome  develops  on  a  smaller  piece,  and 
a  larger  one  on  a  larger  piece ;  and  this  same  relation  holds 
also  for  pieces  of  different  sizes  for  other  parts  of  the  body. 
It  has  been  shown  that  cross-pieces  from  the  anterior  or 
posterior  ends  retain  some  of  their  original  peculiarities  even 
after  the  formation  of  a  new  individual,  and  that  for  several 
days  the  stentors  from  anterior  pieces  are  too  broad  for  their 
length,  and  individuals  from  the  posterior  end  are  too  long  for 
their  breadth.  Some  of  these  newly  regenerated  stentors  from 
the  anterior  pieces  were  kept  for  a  longer  period  and  supplied 
with  food.  Their  measurements  for  from  one  to  seventeen 
days  after  the  operation  are  given  in  the  following  table. 
The  measurements  of  three  normal  individuals  of  this  lot 
were  1.6X.5;  i-4X.4;  1.IX.4.  The  experiment  began 
February  3. 
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a  good  deal  of  variation  in  the  proportion  between  the  width  of 
the  peristome  and  the  length  of  the  animal  both  for  small 
normal  individuals  and  for  those  that  have  come  from  anterior 
pieces,  it  may  be  stated  that  pieces  from  the  anterior  end  may 
produce  new  stentors  whose  proportions  come  within  the 
range  of  variation  of  size  of  normal  small  stentors  of  about 
the  same  length.  The  measurements  of  posterior  pieces,  that 
are  at  first  too  long  for  the  size  of  the  peristome,  show  that 
they,  too,  assume  more  typical  proportions.  Thus  one  of  the 
posterior  ends  of  the  last  series  measured,  on  February  6, 
i.o  X  .25.  On  February  10,  two  other  individuals  in  the  same 
list  measured  1.4  x  .38  ;  1.2  x  .4.  The  peristomial  region  had, 
therefore,  reached  the  full  size. 

A  somewhat  crude  comparison  may  bring  the  results  home. 
If  a  man  were  cut  in  two  at  the  waist  and  the  pieces  behaved 
in  the  same  way  as  those  of  stentor,  two  new  individuals 
would  develop.  The  anterior  half  would  produce  a  small  man 
with  a  head  too  large  for  his  height,  i,e.,  his  legs  would  be  too 
short  for  a  man  with  that  sized  head.  Although  the  old  head  had 
grown  smaller,  it  would  be  still  too  large  for  the  rest  of  the  new 
man.  In  fact,  his  proportions  would  be  more  like  those  of  a 
baby  whose  head  is  relatively  too  large  for  his  length  as  com- 
pared with  that  of  a  man,  and  his  legs  too  short.  It  is  just 
this  result  that  we  have  found  for  anterior  pieces  of  stentor. 
If  the  new  man  were  supplied  with  food,  all  parts  of  the  body 
would  grow  larger ;  but  as  he  got  larger  his  legs  would  grow 
faster  than  his  head. 

The  posterior  end  of  our  imaginary  man  would  have  at  first 
legs  too  long  for  his  total  length,  and  his  new  head  would  be 
relatively  too  small ;  but  if  he  were  fed  his  head,  shoulders,  and 
arms  would  grow  faster  than  any  other  part  and  continue  to 
grow  until  the  proportionate  size  had  been  reached.  If  he  were 
not  fed,  it  is  possible  that  his  head  and  upper  part  might 
increase  more  slowly  in  size  at  the  expense  of  the  material  in 
his  legs,  and  the  latter  would  get  smaller  until  a  balance 
was  reached.  The  result  would  be  that  a  boy  rather  than  a 
baby  was  produced. 

In  other  experiments  pieces  were  removed  that  contained 
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only  a  part  of  the  peristome.  In  one  series  these  pieces  were 
cut  off,  as  shown  by  the  line  a-a  in  Fig.  4,  /I ;  so  that  there 
was  a  smaller  and  a  larger  piece,  the  former,  B^  containing  a 
part  of  the  old  peristome,  but  not  any  part  of  the  pharyngeal 
funnel,  and  the  latter,  the  larger  piece,  C,  containing  also  a 
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Fig.  4.  —/J,  stenior  partially  contracted,  cut  in  two  at  a-a  into  small  piece,  B^  and  larger,  C\ 
A'»,  inece  B  after  seven  hours ;  B^,  B^,  B^  ,  piece  like  B  after  twenty-four  hours ; 
B^,  Bi,  Bi,  same  after  twenty-nine  hours  ;  B*,  B*,  B*,  same  in  part  after  forty-eight  hours 
(after  operation).     C^,  O,  piece  C  after  seven  hours. 

part  of  the  peristome  as  well  as  the  funnel.  The  cut  surface 
of  each  piece  is  quickly  closed  by  the  bending  in  of  the  sides, 
and  the  cut  ends  of  the  peristome  are  generally  brought  together 
to  make  a  closed  ring.  A  foot  develops  on  the  basal  end  of  the 
anterior  piece,  B,  B^,  and  a  stalk  is  soon  produced  in  that 
region.     This  piece  may  remain  for  twenty-four  hours  in  this 
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condition.  Sooner  or  later  a  new  ciliated  band  appears  on 
the  old  wall  behind  the  part  of  the  old  peristome,  as  shown  in 
Fig.  4,  B\  The  band  moves  forward,  fusing  with  the  old  ring 
at  one  point  and,  replacing  the  latter,  produces  a  new  peristome. 
Whether  the  piece  of  the  old  ring  is  entirely  obliterated,  or 
whether  a  part  of  it  remains  to  contribute  to  the  new  peristome, 
I  did  not  determine.  The  regeneration  of  a  new  peristome  on 
these  pieces  may  be  delayed  for  several  days  (Fig.  4,  ^*  ),  and, 
in  general,  does  not  appear  as  soon  as  on  pieces  that  do  not 
contain  any  part  of  the  old  peristome.  Five  or  six  series  of 
experiments  of  this  sort,  each  series  of  a  number  of  pieces, 
were  made,  and  the  smaller  pieces  followed  with  great  care. 
Only  those  smaller  pieces  were  isolated  that  contained  no  part 
of  the  old  funnel.  Nearly  all  the  pieces  behaved  in  the  way 
just  described,  but  in  one  or  two  a  small  funnel  developed 
where  the  cut  edges  came  together.  This  may  have  been  due 
to  a  very  small  piece  of  the  original  funnel  having  been  cut  off, 
or  to  the  piece  having  come  from  very  near  to  the  old  funnel, 
or,  as  seems  more  probable,  to  the  development  of  a  new  funnel 
from  the  old  ciliated  band.  If  the  last  interpretation  is  correct, 
it  shows  that  in  exceptional  cases  the  peristome  may  complete 
itself.  In  the  large  majority  of  cases  this  does  not  occur  and 
a  new  peristome  and  funnel  develop  at  the  side  and  move 
forward.  In  nearly  all  cases  the  cut  ends  of  the  old  peristome 
come  together,  meeting  in  a  slight  notch.  In  one  or  two 
instances  one  band  lay  slightly  below  the  other  at  the  meeting 
point,  producing  a  peristome  exactly  like  the  normal  in  shape, 
only  the  funnel  was  absent.  If  a  small  piece  of  the  old  funnel 
is  left,  it  assumes  the  characteristic  position  of  the  funnel,  and, 
in  fact,  becomes  such  to  all  appearance,  although  this  peristome 
is  generally  replaced  later  by  a  new  one. 

Gruber  studied  the  regeneration  of  pieces  somewhat  similar 
to  these  without  a  funnel,  and  states  that  the  remaining  part 
of  the  old  peristome  gives  rise  to  a  new  one,  but  I  have  not 
found  this  to  be  the  case.  If  the  piece  is  kept  under  close 
observation,  the  development  of  a  new  peristome  is  found  to 
take  place  in  the  way  just  described.  The  change  is  sometimes 
so  rapid  that  a  few  hours  may  suffice  to  bring  it  about. 
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The  history  of  the  complementary  piece  (Fig.  4,  C)  is  as 
follows  :  After  the  cut  surface  has  been  closed  over  and  the 
edges  of  the  peristome  brought  together,  the  piece  may  imme- 
diately fix  itself  by  the  old  foot.  The  piece  elongates  to  its 
full  length,  which  is  the  same  as  that  of  the  former  animal 
(Fig.  4,  C^).  In  some  of  these  pieces  I  have  observed  the 
development  of  a  new  peristome  in  the  course  of  a  few  hours 
after  the  operation  (Fig.  4,  C^).  It  seems  that  this  takes 
place  sooner  when  only  a  small  part  of  the  old  peristome  and 
funnel  is  left  than  when  a  larger  part  remains.  In  cases  in 
which  a  large  part  of  the  old  peristome  remains  a  new  peri- 
stome may  not  develop  for  several  days  ;  and  in  some  cases  I 
have  not  found  it  to  appear  at  all,  but  I  cannot  state  positively 
that  it  does  not  ultimately  appear.  Since  even  normal  indi- 
viduals may  produce  a  new  peristome,  the  appearance  of  a  peri- 
stome on  these  new  stentors  after  several  days  may  be  only  the 
regular  process  of  renewal  of  that  organ.  In  two  cases,  in 
which  a  new  peristome  appeared  after  two  days,  the  old  one 
had  begun  to  break  down  while  the  new  band  was  developing. 
In  all  other  cases  the  old  part  was  still  active  and  normal  in 
appearance  up  to  the  time  of  its  replacement  by  the  new  cili- 
ated band.  These  results  show  that  even  in  a  large  piece  the 
new  peristome  is  not  regenerated  from  the  old  one.  The 
presence  of  the  old  pharyngeal  funnel  in  these  pieces  does  not 
make  any  important  difference  in  the  end  result,  although  it 
may  be  that  pieces  of  this  sort  regenerate  less  quickly  than 
when  the  piece  does  not  contain  the  funnel  portion  of  the  old 
peristome. 

Another  experiment  that  supplements  the  preceding  one  in 
several  respects  consists  in  cutting  the  stentor  in  two,  as  indi- 
cated by  the  line  a-a  in  Fig.  5,  A.  In  this  case  the  smaller 
piece,  By  contains  the  funnel  part  of  the  peristome,  while  the 
larger  piece,  C,  contains  the  remaining;  part  of  the  peristome. 

The  smaller  piece,  />,  closes  in,  develops  a  foot,  becomes 
attached  and  produces  a  stalk.  The  edges  of  the  peristomial 
ring  unite  more  or  less,  as  shown  in  Fig.  5,  B^.  In  one  case 
a  new  peristomial  band  appeared  six  hours  after  the  operation, 
moved  forward,  and  produced  a  new  peristome  (Fig.  5,  B^).     In 
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Other  cases,  in  which  the  piece  was  small  in  comparison  to  the 
size  of  the  remaining  part  of  the  peristome,  a  new  peristome 
did  not  appear  in  one  case  until  after  thirty  hours  (Fig.  5,  ^*)  ; 
in  other  cases  a  new  peristome  had  not  appeared  at  this  time 
(Fig.  5.  B^), 

The  complementary  piece  (C,  Fig.  5)  closed  in,  fixed  itself, 
and   extended   to  its   full   length.     In    pieces    in   which    the 


B' 


Fig.  5.  —  At  stentor  partially  contracted,  cut  in  two  at  a-a  into  a  small  piece,  B^  and  a  lar|^ 
piece,  C;  B^,  piece  like  B  after  seven  hours  ;  ^,  piece  like  B  after  twenty-seven  hours ; 
^,  B^,  piece  like  Baiter  twenty-nine  hours;  C,  C,  piece  like  C after  seven  hours;  C, 
piece  like  C  after  twenty-nine  hoars ;  O,  O,  piece  like  C  after  fifty-one  hours. 


remaining  part  of  the  peristome,  that  had  united  to  make  a 
ring,  was  quite  small  a  new  ciliated  band  appeared  in  four 
hours;  in  others,  in  six  hours  (Fig.  5,  C^C^)\  and  in  pieces  with 
a  larger  peristomial  region,  after  twenty-four  and  even  after 
fifty-one  hours  (Fig.  5,  C^).  It  is  interesting  to  note  that  in 
these  pieces  the  region  from  which  in  the  normal  individual 
the  peristomial  band  is  formed  has  been  more  or  less  com- 
pletely removed,  yet  a  new  peristomial  band  may  very  quickly 
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appear.  I  did  not  attempt  to  determine  the  position  of  the 
new  band  in  its  relation  to  the  region  of  closure  of*  the  piece. 
In  several  cases  in  the  last  two  experiments,  and  in  some 
other  experiments  like  those  shown  in  Fig.  6,  A^  B^,  C^,  small 
pieces  were  sometimes  cut  off  that  contained  a  part  of  the  old 
peristome,  but  which  did  not  fix  themselves,  or  assume  the 
characteristic  form.  As  these  pieces  were  generally  small, 
although  not  below  the  minimal  size,  there  can  be  little  doubt 
that  most  of  them  did  not  contain  any  part  of  the  nucleus,  and  in 
several  cases  I  proved  this  to  be  the  case  by  staining  the  pieces 
in  picro-carmine.  The  result  shows  that  in  the  absence  of  the 
nucleus  a  piece  containing  a  part  of  the  old  peristome  cannot 
complete  the  peristome  from  the  remaining  part.     This  is  the 


B* 


Fig.  f\  —  W.  Anterior  end  of  stentor  cut  off  and  then  divided  into  three  pieces.  Two  of  these, 
fi^s  C^,  were  apparently  without  nuclei,  .ind  did  nut  produce  a  new  peristome  or  assume 
the  typical  form. 


less  to  be  expected  since  it  has  been  shown  that  even  in  nucle- 
ated pieces  the  new  peristome  is  produced  not  by  the  old  one, 
but  by  the  development  of  a  new  peristomial  band.  The  result 
is  interesting  in  connection  with  a  result  obtained  by  Gruber, 
t7>.,  that  if  a  non-nucleated  piece  containing  a  part  of  the  newly 
forming  ciliated  band  is  obtained  it  produces  from  the  band 
a  new  peristome.  My  results  show  that  a  piece  of  the  old 
band  cannot  act  in  this  way.  That  the  presence  of  the 
nucleus  is  connected  with  the  formation  of  a  new  peristomial 
band  seems  hic:bly  probable,  but  I  can  easily  imagine  that 
could  a  non-nucleated  piece  be  supplied  with  certain  unformed 
elements  it  nii^iht  be  capable  of  producing  a  new  peristome. 
The  res'.r.ts  ilo  not  seem  to  me  to  show  more  than  that  the 
n;:c;e;is  siyoplies  certain  products  of  metabolism  that  must  be 
present   hef^jve  the  protoplasm  can  successfully  carry  out  its 
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innate  tendency  to  complete  the  typical  form.  We  are  not 
justified,  I  believe,  in  drawing  the  conclusion,  as  Gruber  has 
done,  that  preformed  elements  of  the  peristome  exist  in  the 
nucleus  and  must  be  set  free  in  order  to  initiate  the  develop- 
ment of  a  new  peristome. 

Lillie  has  found  that  the  smallest  piece  of  Stentor  polymor- 
phus  that  becomes  a  perfect  form  is  equal  to  a  sphere  of  about 
80  /A  in  diameter.  The  average  size  of  the  stentors  was  equal 
to  230  /A.  This  makes  the  volume  of  the  smallest  stentor 
about  2*Y  of  the  normal.  For  Stentor  coertUetis  the  smallest 
stentors  measured  90 /i  (=1^  mm.),  the  average  normal 
stentor  280  A*  (=^5  mm.).  Therefore  the  former  is  about 
^  of  the  latter. 

Although  I  have  not  worked  specially  on  this  problem,  yet 
I  have  obtained  some  small  stentors  that  were  proportionately 
smaller  than  those  obtained  by  Lillie.  Thus  one  individual 
measured  when  extended  .25  x  —  .08  mm.,  and  when  contracted 
into  an  oval  or  nearly  into  a  sphere  .08  x  .08  ( =  ^j  mm.). 
The  larger  normal  stentors  measured  about  .4  x  .32  x  .32  when 
contracted.  Although  it  is  only  possible  to  give  a  general 
estimate  of  the  relative  size  of  these  two  individuals,  the  smaller 
cannot  be  over  ^  of  the  former.  It  would  be  a  mistake  to 
infer  from  this,  as  well  as  from  Lillie's  calculations,  that  the 
latter  came  from  a  piece  ^^  or  even  ^  of  the  original  stentor. 
The  protoplasm  of  stentor  is  so  vacuolated  that  a  piece  losing 
the  fluid  in  the  protoplasm  might  become  much  smaller  than 
when  first  removed. 

Lillie  states  that  he  believes  that  it  would  be  possible  to 
obtain  a  smaller  individual  of  S,  coeniletis  than  -^  mm.  The 
one  that  I  obtained  was  in  fact  somewhat  smaller,  viz.,  -^^  mm. 
The  diflFerence  in  our  results  depends,  therefore,  rather  on  the 
size  of  the  normal  average  stentor  with  which  the  comparison 
is  made  than  on  the  smallest  individual  obtained.  Lillie  says 
that  he  does  not  think  there  can  be  much  difference  in  the 
absolute  size  of  the  smallest  stentors,  whether  one  uses  the 
largest  or  the  smallest  normal  specimens.  It  seems  to  me  that 
this  may  or  may  not  be  true,  according  to  what  factors  may 
enter  into  the  result. 


326  MORGAN.  [Vol.  II. 

The  conclusion  that  a  piece  ^^  or  even  ^-^  of  the  entire 
animal  can  produce  a  new  individual  can  give  only  a  most  gen- 
eral idea  of  the  relative  size  of  the  smallest  piece,  since  more 
depends  on  the  size  of  the  normal  individual  than  on  that  of 
the  smallest  pieces,  and  there  is  for  stentor  a  very  wide  range 
of  size  that  may  be  called  normal.  A  large  normal  individual 
may  contain  eight  times  the  volume  of  a  small  normal  indi- 
vidual. More  significant,  therefore,  is  the  absolute  size  of  the 
smallest  piece  capable  of  regeneration,  and  in  this  respect  my 
results  are  practically  in  accord  with  those  of  Lillie. 

Several  experiments  were  made  in  which  pieces  were  cut  in 
two  longitudinally.  In  a  longer  or  shorter  time  most  of  the 
halves  produced  a  new  peristomial  band  that  became  a  new 
peristome.  As  this  experiment  did  not  give  promise  of  much 
that  is  new,  it  was  tried  in  only  a  few  cases. 

A  few  casual  observations  made  during  the  course  of  the 
work  may  be  briefly  mentioned.  The  stentors  were  observed 
dividing  on  several  occasions,  but  Johnson's  excellent  figures 
and  account  of  these  stages  leave  nothing  new  for  me  to  add. 
I  have  often  noticed  that  after  division  the  two  products  are 
found  attached  side  by  side,  and  if  they  are  not  disturbed  a 
little  colony  may  arise  in  the  same  spot.  Several  times  I  have 
observed  that  two  individuals  that  have  been  formed  by  division 
of  one  of  the  regenerated  posterior  pieces  were  unequal  in  size, 
although  I  do  not  know  whether  the  smaller  individual  was 
the  distal  or  the  proximal  one. 

As  Gruber  has  pointed  out,  the  first  steps  in  the  process  of 
division  and  of  regeneration  are  the  same,  and  this  holds  also 
for  the  physiological  replacement  of  the  old  peristome.  In  all 
cases  a  peristomial  ciliated  band  appears  on  the  side  and  moves 
forward  around  the  anterior  end  to  become  the  new  peristome. 
We  have  here  another  illustration  that  shows  that  during  the 
process  of  regeneration  the  factors  that  appear  in  the  normal 
growth  may  take  part  in  the  regeneration,  and  this  relation 
appears  to  hold  for  unicellular  as  well  as  for  multicellular 
forms. 

In  many  cases,  especially  where  a  somewhat  oblique  cut  has 
been  made,  the  superficial  blue  stripes  come  together  over  the 
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cut  surface  in  a  most  irregular  way,  yet  this  does  not  appear  to 
interfere  with  the  subsequent  regeneration  ;  and  after  a  time 
the  stripes  appear  to  be  more  regularly  arranged.  That  a 
certain  amount  of  absorption  takes  place,  and  possibly  also 
development  of  new  stripes,  seems  probable,  but  I  have  not 
studied  these  changes  in  any  detail.  It  would  be  interesting 
to  find  out  if  in  cross-pieces  of  the  body  the  number  of  the 
stripes  remains  the  same  and  their  size  becomes  smaller,  or 
whether  the  number  of  the  stripes  is  proportionately  reduced. 

On  several  occasions  I  have  tried  to  graft  together  pieces  of 
different  stentors,  but  the  exposed  surfaces  close  so  quickly 
that  I  have  not  been  able  to  get  the  pieces  to  unite.  It  does 
not  seem  altogether  improbable  that  the  result  could  be 
brought  about  by  cutting  two  stentors  at  the  same  time,  one 
about  the  other.  A  lucky  cut  might  bring  two  exposed  inner 
surfaces  together,  and  they  might  stick  to  each  other,  but 
so  far  I  have  not  been  able  to  carry  out  successfully  this 
experiment. 

In  a  few  cases  the  stentor  was  split  partially  in  two  pieces, 
but  generally  the  halves  soon  fuse  together.  It  is  of  some 
interest  to  find  that,  although  the  peristome  was  cut  in  two 
and  had  reunited,  a  new  peristome  was  not  produced,  showing 
that  the  operation  alone  does  not  initiate  the  changes  that  lead 
to  the  development  of  a  new  peristome. 

The  development  of  a  new  peristome  in  a  piece  that  contains 
a  part  of  the  old  one  appears  to  be  due  to  the  lack  of  propor- 
tion between  the  old  part  (even  when  it  contains  all  the  essen- 
tial parts  of  the  peristome)  and  the  rest  of  the  piece.  This 
result  is  unique,  since  in  all  other  forms  in  which  a  part  of  an 
old  organ  remains  the  new  organ  regenerates  from  that  part. 
In  stentor  this  does  not  occur,  but  a  new  organ  is  produced. 
It  is  important  to  observe,  however,  that  this  is  the  character- 
istic way  in  which  stentor  produces  a  peristome,  so  that  the 
organisms  make  use  of  a  process  that  already  exists.  The 
reduction  in  size  of  the  old  peristome  in  pieces  from  the 
anterior  end  is  the  result  that  has  most  interested  me.  It 
seems  to  be  due  to  the  withdrawal  of  material  from  the  ante- 
rior region  to  form  the  body  and  stalk  of   the  new  stentor. 
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The  change  in  shape  of  the  piece,  i.e.^  the  production  of  the 
typical  form,  is  primarily  the  result  of  a  shifting  of  the  material 
that  carries  with  it  a  loss  of  material  in  the  old  part.  Other 
so-called  formative  factors  may  have  some  share  in  the  reduc- 
tion in  size  of  the  old  peristome  to  one  proportionate  to  the 
rest  of  the  piece,  but  the  simple  loss  of  material  will,  I  think, 
account  for  the  greater  part  of  the  change. 

What  primarily  brings  about  this  change  in  the  material  so 
that  the  typical  form  is  produced  is  a  question  to  which  at 
present  there  is  no  answer. 

Bryn  Mawr,  March  12,  1901. 
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ON  THE  FORCE  OF  CONTRACTION  OF  THE  FROG'S 
GASTROCNEMIUS  IN  RIGOR.  AND  ON  THE  IN- 
FLUENCE  OF  "  CHLORETONE  "  ON  THAT  PROCESS. 

By  N.  M.  STEVENS. 
[From  the  Physiological  Laboratory  of  Bryn  Mawr  College.^ 

IN  the  course  of  a  series  of  experiments  involving  rigor  of  the 
frog's  gastrocnemius,  performed  during  the  autumn  of  1900,  in 
the  Physiological  Laboratory  of  Bryn  Mawr  College,  under  the 
direction  of  Dr.  Joseph  W.  Warren,  the  writer  became  impressed 
with  the  idea  that  much  greater  energy  is  exerted  by  a  muscle 
undergoing  rigor  at  a  high  than  at  a  low  temperature,  and  that  the 
force  of  contraction  varies  directly  as  the  temperature.  A  new  series 
of  experiments  was  therefore  performed  to  test  this  impression,  which 
was  based  only  upon  observation  of  the  rise  of  the  lever  during  rigor 
under  various  conditions. 

The  absolute  energy  exerted  by  the  gastrocnemius  in  heat  rigor 
has  been  measured  by  Hermann  and  Walker,^  and  compared  with 
the  energy  of  single  contractions  and  of  tetanus;  but,  so  far  as  I 
know,  no  systematic  work  has  hitherto  been  done  to  show  the  effect 
of  temperature  upon  the  energy  of  rigor  contraction. 

Method. 

Apparatus.  —  The  apparatus  (Fig.  i)  employed  in  these  experi- 
ments with  the  exception  of  the  spring,  has  been  used  in  this  labora- 
tory for  similar  work  since  1895,  but  has  not  been  described. 

It  consists  of  a  simple  kymograph,  a  muscle-holder,  and  a  reser- 
voir of  tin  (an  ordinary  washboiler)  supported  on  stands,  beneath 
which  gas  burners  may  be  placed  as  required. 

The  kymograph  has  a  brass  recording  drum  and  spindle,  A,  set  in 
the  frame,  B,  and  turned  by  a  Seth  Thomas  eight-day  marine  clock 
sliding  on  a  wooden  track  and  fastened  by  a  thumb-screw  in  any 
desired  position.     The  minute  and  hour  hands  are  replaced  by  two 

1  Hermann  and  Walker:  Archiv  fiir  die  gesammte  Physiologic,  1871,  iv, 
p.  182. 
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hin  brans  discs,  one  inch  in  diameter,  and  grooved  for  the  waxed 
u>r(],  K.  The  cone,  C,  composed  of  four  circular  plates  of  hard 
rubber,  r,  2,  3,  and  4  inches  in  diameter  respectively,  cemented 
to(;ethcr  on  a  central  brass  tube,  slips  up  and  down  on  its  spindle 
and  in  fantencd  in  position  by  the  ptn,  D.  By  changing  the  cord 
from  (he  minute  to  the  hour  wheel  of  the  clock,  and  from  one  to 
another  groove  of  the  cone,  adjusting  the  height  of  the  cone  for 
each  change,  the  drum  is  made  to  revolve  in  i,  2,  3,  4,  12,  24,  36,  or 
4K  houTH.    The  upper  end  of  the  spindle  terminates  in  a  circular 


plate,  K,  on  which  the  drum  is  carried  in  the  usual  manner.  The 
foundation  of  the  structure  is  a  hard  wood  board  20x48  cm.  to 
which  is  fastened  ihe  clock  track  and  another  board,  20x21  cm. 
which  carries  the  drum  and  marker.  The  latter  part  of  the  apparatus 
is  removable  for  use  in  other  combinations.  The  clock  is  protected 
(n>m  dust  by  a  tin  ci>ver,  G,  through  an  opening  in  which  the  cord, 
R.  passes.  The  kymograph  rests  on  a  stand  made  from  a  lecture 
r<.x>m  desk.  In  Ihe  sketch  this  stand  has  been  omitted  and  the 
depth  of  the  washhoiler  reduce^!  about  half. 

The  muscle  holder.  H.  consists  of  a  board.  17x26  cm.,  held  in  a 
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vertical  position  by  the  rod,  I,  which  is  clamped  into  a  very  firm 
stand,  the  base  being  filled  with  lead.  The  muscle  cylinders,  J,  are 
of  glass  tubing,  about  12  cm.  long  and  3.5  cm.  inner  diameter^ 
supported  against  pieces  of  paraffined  cork  grooved  to  fit  the  tubing; 
they  are  held  securely  in  place  by  tapes  run  through  screw  eyes  and 
firmly  tied  over  the  cylinders.  Each  cylinder  is  fitted  with  a  rubber 
stopper  through  which  passes  a  short  piece  of  paraffined  doweling, 
held  in  place  by  a  pin  below  the  stopper;  the  femur  of  the  muscle 
preparation  is  fastened  into  a  hole  in  this  rod  by  the  pointed  end  of 
a  hardwood  toothpick. 

The  muscle  is  connected  with  the  lever,  K,  by  a  light  metal  rod,^ 
platinum  below  and  steel  above.  This  rod  hooks  into  the  tendon  and 
into  either  the  loop,  O,  or  one  of  the  holes  in  the  lever. 

The  levers  are  of  aluminium,  pierced  with  holes  at  intervals  of  one 
fourth  of  an  inch,  for  the  attachment  of  the  muscle-rod  and  weights, 
and  lengthened  by  straws  terminating  in  celluloid  markers.  The 
drawing  (Fig.  i)  shows  the  manner  of  suspending  and  adjusting  the 
levers.  The  magnification  is  ten  times,  the  long  arms  of  the  levers 
being  10  and  7.5  inches,  the  short  arms  i  and  ^  inches,  respectively. 

For  the  attachment  of  the  spring,  L,  a  brass  pillar,  T,  was  screwed 
to  the  board.     Near  the  top  of  the  pillar  is  a  brass  rod,  projecting  at 

'  Paraffined  or  waxed  threads  were  formerly  used  for  such  experiments,  but 
certain  peculiarities  in  some  of  the  curves  led  me  to  think  that  even  the  most 
careful  paraffining  or  waxing  of  th^  thread  was  not  a  sufficient  safeguard  against 
shrinkage.  A  quantity  of  linen  thread  was,  therefore,  thoroughly  shrunken  for 
immediate  use,  and  later  the  matter  was  carefully  investigated  by  setting  up 
paraffined  and  waxed  threads  of  linen,  cotton,  or  silk,  in  liquid  and  in  the  cylinders 
used  as  moist  chambers.  In  every  case  there  was  shrinkage  for  three  or  four 
hours,  the  temperature  being  raised,  meanwhile,  from  1 7°  to  70°  or  thereabouts ; 
upon  cooling  down  to  room  temperature,  the  threads  lengthened  somewhat  and 
shortened  again  slightly  on  heating,  even  after  standing  forty-eight  hours,  the 
final  result  being  a  shortening  of  3.6  mm.  for  the  length  used  in  this  apparatus, 
about  24  cm.  A  cotton  thread  shortened  5.3  mm.  in  three  hours  between  17®  and 
68°,  lengthened  2.5  mm.  during  slow  cooling  to  17°,  and  again  shortened  i  mm.  on 
renewed  warming  about  twenty  hours  after  the  first  heating,  giving  a  final  shorten- 
ing of  3.8  mm.  Linen  thread  which  had  been  soaked  alternately  in  hot  and  cold 
water  for  several  hours  and  then  dried,  showed  no  marked  shrinkage  when  heated 
in  the  Ringer  solution. 

Vernon's  statement  (Journal  of  physiology,  1899,  xxiv,  p.  239)  of  the  unrelia- 
bility of  thread  for  such  work  came  to  hand  after  the  first  tests  were  made,  and 
his  use  of  a  metal  chain  was  noted;  but  the  rods,  already  in  use  for  electrical 
experiments,  seemed  more  convenient  to  handle,  and  were  immediately  substituted 
for  the  thread. 
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right  angles  to  the  surface  of  the  board,  and  adjustable  by  the  set 
screw,  V.  Through  this  rod  passes  a  thick  steel  wire,  to  which  is 
suspended  a  somewhat  stiff  steel  spring  of  twenty-five  turns.  The 
spring  is  connected  with  the  lever  by  another  steel  rod  which  hooks 
into  a  light  brass  support  pinned  through  the  hole  in  the  lever  with 
which  the  muscle  is  connected.  The  spring  stretches  just  enough  to 
let  the  lever  make  two  distinct  parallel  lines  on  the  drum  for  a 
difference  of  one  gram  in  a  scale  pan  hung  from  the  loop,  O.  The 
rise  of  the  lever  for  a  weight  of  200  grams  is  about  half  of  the  rise 
for  the  ordinary  unresisted  heat  contraction  of  a  muscle  30  mm.  long. 

A  thermometer  hung  from  a  screw-eye  in  the  top  of  the  board, 
enters  each  cylinder,  and  pieces  of  thick  rubber  tubing  hold  the  bulb 
^way  from  the  glass  and  near  the  muscle. 

The  reservoir  is  usually  kept  filled  to  the  groove,  N,  the  large  amount 
of  water,  30-35  litres,  protecting  the  muscles  from  rapid  changes  of 
temperature  when  this  is  not  desired.  The  amount  of  liquid  used 
in  the  cylinders  depends  upon  its  character  and  upon  the  character 
of  the  experiment:  at  least  enough  must  be  used  to  cover  the 
muscle  and  tendon. 

Heat  is  supplied  by  an  argand  burner,  with  an  adjustable  arm, 
to  this  are  added  as  many  Bunsen  burners  as  are  required  for  rapid 
heating. 

Preparation  of  the  Muscles.  —  The  frog  was  pithed,  the  muscle  prep^ 
arations  removed  as  quickly  and  carefully  as  possible,  and  set  up  in 
the  cylinders  (Fig.  i).  The  spring,  which  was  left  loose  while  the 
connection  between  muscle  and  lever  was  being  made,  was  now  set 
at  M  to  straighten  the  muscle.  The  liquid  to  be  used  was  then 
poured  into  the  cylinders,  the  levers  adjusted  to  the  drum,  and  heat 
applied  to  secure  the  desired  temperature.  The  left  gastrocnemius 
was  used  on  the  spring  in  each  case,  and  the  right  as  a  control. 

Every  effort  was  made  to  avoid  the  use  of  any  material  which, 
in  connection  with  the  liquids  employed,  might  injure  the  muscle. 
No  metal  except  platinum  was  brought  into  contact  with  muscle 
or  liquid ;  the  rubber  stoppers  were  thoroughly  scalded  and  soaked 
for  twenty-four  hours  before  using;  the  platinum  rods  were  sterilized 
in  the  flame  before  each  experiment;  and  the  cylinders  were  fre- 
quently scalded,  especial  care  being  taken  in  case  of  experiments 
continuing  many  hours. 

In  the  first  series  of  experiments  a  Ringer  solution  according  to 
-the  following  formula  (Rusch)  was  used :  — 
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Distilled  water 1000  c.c. 

NaHCOs 0.1  gm. 

CaClg 0.1  gm. 

KCl 0.075  gm. 

NaCl 8.000  gm. 


The  results  of  ten  experiments  are  given  in  Table  I.  In  the 
temperature  column,  the  first  number  given  in  each  case  shows 
the  temperature  at  the  beginning  of  the  experiment;  the  second 
number,  in  heavy  type,  the  temperature  at  the  close  of  contraction 


TABLE   I. 
Muscles  in  Ringer*s  solution. 


No. 

Length 
in  mm. 

Temperature 
C. 

Time. 

Force  in 
grams. 

Work  in 
gm.  mm. 

• 
1 

27 

31.00-44.0° 

h.     m. 
0    20 

97.80 

127.14 

2 

27 

35.0<^-44.«o 

0    25 

99.30 

131.57 

3 

30 

35.00-44.0° 

> 

100.00 

134.00 

4 

30 

35.0°-44.0o 

0    15 

106.70 

149.38 

5 

30 

37.00-46.0° 

> 

• 

110.00 

156.75 

6 

30 

25.00-86.0° 

6    20 

55.00 

41.25 

7 

32 

25.0°-29.6° 

16      0 

27.95 

9.08 

8 

30 

22.0°-27.0° 

29      0 

16.50 

2.64 

9 

36 

15.5°-22.0° 

58      0 

360 

0.18 

10 

32 

22.0°-12.0° 

63      0 

2.00± 

0.05db 

in  Experiments  i  to  5,  during  the  whole  contraction  in  Experiments 
6  to  8.  In  Experiment  9  the  temperature  varied  considerably ;  it  ran 
lower  at  night,  but  did  not  go  above  22°  C,  and  stood  at  that  point 
during  contraction.  In  Experiment  10  the  culmination  of  contraction 
occurred  at  about  2  a.  m.,  with  the  temperature  somewhere  between 
20°  and  12°,  the  latter  temperature  being  observed  at  8  a.  m. 

The  pull  of  the  muscle  on  the  spring  was  determined  ^  by  ascertain- 

*  An  attempt  was  made  to  establish  a  constant  for  the  spring,  but  though  C 
was  found  to  be  very  nearly  40  grams  to  a  millimetre,  the  method  employed  was 
thought  to  be  more  exact. 
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ing  how  many  grams  in  a  light  scale-pan  suspended  from  O  (Fig.  i) 
were  required  to  raise  the  lever  from  a  base  line  drawn  through  the 
point  where  the  lever  began  to  rise  to  another  line  drawn  through 
the  highest  point  in  the  curve.  The  work  done  was  calculated  by  the 
usual  formula  for  an  elastic  resistance,  IV  ^  F  X  ^E,  E  in  this  case 
being  the  resistance  of  the  spring. 

The  muscles  vary  so  much  in  thickness  as  well  as  in  length,  that 
the  results  can  only  be  comparative,  but  as  such  they  are  sufficiently 
striking. 

The  question  arose  whether  this  decrease  in  energy  of  rigor  con- 
traction might  not  be  due  in  part  to  changes  induced  in  the  muscle 
by  long  soaking  in  the  Ringer  solution.  After  some  consideration  of 
the  various  oils  which  have  been  used  in  muscle  experiments,  a  light 
paraffin  oil  was  selected  as  a  medium  which  would  certainly  not  be 
injurious,  and  would  not  be  likely  to  be  absorbed  by  the  muscle,  or 
to  take  anything  from  the  muscle.  The  results  of  a  setond  series 
of  experiments,  using  the  paraffin  oil  in  place  of  the  Ringer  solution, 
are  given  in  Table  II :  — 

TABLE   ir. 
Muscles  in  paraffin  oil. 


No. 

Length 
in  mm. 

Temperature 
C. 

Time. 

Force  in 
grams. 

Work  in 
gm.  mm. 

11 

28 

230-44.70 

h.    m. 
0    40 

81.00 

85.86 

12 

31 

240-44,30 

0    35 

127.35 

213.31 

13 

30 

86.00 

7      0 

70.20 

64.58 

14 

30 

290-88.00 

15      0 

44.00 

26.40 

15 

29 

220-37.00 

30     0 

31.70 

18.79 

16 

34 

170-39.00 

53      0 

3.60 

0.18 

Experiment  1 1  of  this  series  was  a  very  slender  muscle, 
much  less  substance  than  Experiments  i  or  2  of  Table 
muscle  of  Experiment  13  was  very  much  stouter  than  that 
ment  6,  the  corresponding  muscle  of  Table  I. 

The  curves  shown  in  Fig.  2  were  traced  directly  from 
record  of  Experiment  2,  those  in  Fig.  3  from  Experiment 
are  characteristic  curves,  but  the  peculiarities  observed  in 
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one  with  the  other  are  not  characteristic  of  experiments  with  either 
the  Ringer  solution  or  the  oil    The  counterpart  of  any  variation  in 


44.»» 


Figure  2 


form  of  curve  or  of  temperature  limits  may  be  found  in  the  records 
of  experiments  with  the  other  liquid.  Comparison  of  the  two  tables 
indicates  that  the  results  obtained  are  independent  of  the  liquids 
used. 
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Figure  3. 


Secondary  heat  contractions  were  obtained  in  the  control  muscles 
between  50**  and  58®,  and  between  60**  and  63** ;  but  in  no  case  did 
these  contractions  exert  any  additional  force  on  the  spring. 

The  temperature  limits  in  these  experiments  are  higher  than  those 
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given  by  Brodie  and  Richardson,*  for  corresponding  heat  contractions 
in  the  sartorius  of  the  frog,  but  agree  with  those  given  by  Latimer^ 
for  the  gastrocnemius. 

This  difference  is  probably  due  mainly  to  the  greater  thickness  of 
the  gastrocnemius,  but  the  statement  of  Moriggia  '  that  the  proteids 
of  winter  frogs  coagulate  less  readily  may  have  some  bearing  on  the 
point. 

For  comparison  with  Walker's  results,  a  few  experiments  were 
performed,  in  which  one  muscle  of  a  pair  pulled  on  a  spring,  during 
heat  contraction,  and  the  other  was  "  af terloaded  "  with  two  hundred 
grams. 

The  only  change  in  the  apparatus  for  these  experiments  was  the 
addition  of  a  firm  support  for  the  lever  X,  —  a  heavy  brass  rod,  bent 
at  right  angles  and  passed  through  an  adjuster  projecting  from  a 
metal  plate  which  could  be  fastened  to  the  board,  in  any  desired 
position,  with  an  ordinary  clamp. 

The  following  table  is  a  record  of  four  such  experiments,  the 
work  being  completed  by  the  usual  formulae,  IV  =  F  x  ^  E,  and 
IV=  F  X  D. 

TABLE   III. 


No. 

1 
2 
3 
4 

Length 
in  mm. 

Spring. 

Load  of  200  gms. 
Work  in  gm.  mm. 

Force  in 
grams. 

Work  in 
gm.  mm. 

30.0 
29.0 
27.5 
27.0 

142.3 

138.9 

l(H.O 

98.) 

256.14 
239.60 
140.40 
122.60 

130 
90 
30 
10± 

Influence  of  "Chloretone"  on  Rigor  Contraction. 

The  so-called  "  chloretone  "  of  commerce  ( Acetonchloroform  = 
trichlor  tertiary  butyl  alcohol)  having  been  found  useful  for  several 
purposes  in  this  laboratory,  it  was  suggested  that  its  direct  action  on 
frog's  muscle  might  prove  interesting. 

^  Brodie,  T.  G.,  and  S.  W.  Richardson  :  Philosophical  transactions,  cxci, 
p.  127. 

2  Latimer,  Caroline  W.  :  This  journal,  1898,  ii,  p. 29. 

'  Moriggia  :  Moleschott's  Untersuchungen,  1892,  xiv,  p.  386. 
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The  apparatus  used  was  the  same  as  in  the  preceding  experiments. 
The  chloretone  was  dissolved  in  the  same  Ringer  solution,  and  150 
c.c.  were  used  for  each  muscle.  The  temperature  of  the  water  in  the 
reservoir  was  kept  at  30°  and  that  of  the  chloretone  solution,  when 
it  was  poured  into  the  cylinders,  was  about  20°.     The  results  were 


Figure  4. 

practically  the  same  with  the  reservoir  water  at  room  temperature, 
but  the  time  required  for  the  experiments  was  considerably  longer. 

The  curves  of  contraction  made  by  three  pairs  of  muscles  in 
chloretone  solutions  of  different  degrees  of  concentration,  o.i  per 
cent  to  0.5  per  cent  of  chloretone  crystals  in  Ringer  solution,  are 
shown  in  Fig.  4.  and  further  details  are  given  in  Table  IV. 

TABLE   IV. 
Muscles  in  Chloretone. 


Length 
in  mm. 

Per  cent  of 
chloretone. 

Time. 

Per  cent  of 
shortening. 

a 

29 

0.5 

h. 
0 

m. 
58 

37.2 

b 

29 

0.4 

1 

28 

34.1 

c 

26 

0.3 

3 

0 

30.7 

d 

26 

0  2 

5 

40 

27.7 

e 

26 

0.2 

4 

50 

28.0 

f 

26 

0.1 

6 

30 

12.7 
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The  levers  were  adjusted  to  the  drum  before  the  solutions  were 
poured  into  the  cylinders,  and  all  of  the  muscles  except  f,  at  once 
began  to  shorten  more  or  less  rapidly  according  to  the  concentration 
of  the  solution ;  f,  however,  began  to  contract  only  after  eight  and 
one-half  hours. 

The  rate  and  percentage  of  shortening  decrease  with  the  strength 
of  the  solution,  much  as  in  rigor  at  different  temperatures  from  45** 
to  20**,  but  with  greater  regularity  and  certainty. 

On  applying  heat  to  muscles  that  have  undergone  chloretone  con- 
traction, no  change  is  observed  between  37®  and  45®,  but  secondary 
heat  contractions,  perfectly  comparable  with  those  of  muscles  which 
have  undergone  rigor  mortis  or  rigor  caloris,  occur  between  50®  and 
60"*.  The  height  of  these  contractions  depends  on  that  of  the  pre- 
vious contraction,  as  is  shown  in  Fig.  4.  The  secondary  contraction, 
which  is  evidently  a  combination  of  the  second  and  third  heat  con- 
traction described  by  Brodie  and  Richardson  for  the  sartorius,  is 
enough  greater  in  one  muscle  of  a  pair,  treated  with  a  02  per  cent 
chloretone  solution,  than  that  of  the  other  in  a  0.05  per  cent  solution* 
to  make  the  entire  shortening  in  the  two  muscles  approximately  the 
same. 

The  same  phenomena  are  observed  in  muscles  which  have  under- 
gone rigor  mortis  at  different  temperatures:  a  large  secondary  heat 
contraction  follows  a  small  rigor  mortis  contraction,  and  vice  versa. 

In  both  cases,  the  first  heat  contraction,  due,  according  to  von 
Fiirth  ^  and  to  Brodie  and  Richardson,  to  coagulation  of  soluble 
myogen  fibrin,  is  cut  out,  in  one  case  by  the  chloretone  contraction, 
in  the  other  by  rigor  mortis ;  but  the  contractions,  due  according  to 
the  same  authors,  to  coagulation  of  myosin  and  myogen,  and  to 
contraction  of  connective  tissue  occur  as  usual,  but  with  the  varia- 
tions described  above.  It  would  seem  that  there  must  be  a  difTerent 
molecular  disposition  of  the  coagulated  substance  in  a  slow  primary 
rigor  contraction  which  makes  a  greater  secondary  contraction 
mechanically  possible. 

The  effect  of  chloretone  in  0.5  per  cent  solution  seems  to  be  quite 
similar  to  that  described  by  Kuhne^  for  potassium  sulphocyanide 
(Rhodankalium),  but  its  action  appears  to  be  definitely  selective, 
precipitating  soluble  myogen  fibrin,  and  not  myosin  or  myogen  (von 
Furth). 

^  VoN  FtJRTH  :  Archiv  fiir  experimentelle  Patliologie  und  Pharmakolo^ie, 
1895,  xxxvi,  p.  231,  and  1896,  xxxvii,  p.  389. 

2  KuHNE  :  Archiv  fiir  Physiologic,  1859,  p.  634. 
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The  action  of  chloretone  on  the  proteid  extracts  of  muscle  should 
now  be  ascertained :  if  it  should  be  shown  that  it  precipitates  soluble 
myogen  fibrin  in  solution,  and  not  myosin  or  myogen,  we  should 
have  positive  evidence  that  these  proteids  exist  as  such  in  the  living 
muscle,  and  that  the  phenomena  of  heat  rigor  are  due  to  fractional 
coagulation  or  precipitation  of  the  same  proteids. 

For  comparison  with  the  chloretone  contractions,  a  few  experiments 
were  performed  with  chloroform  water  (saturated  solution),  and  with 
potassium  sulphocyanide  (KSCN),  the  Rhodankalium  of  Kuhne. 

The  curves  obtained  with  chloroform  water  were  practically  identi- 
cal with  those  of  chloretone,  0.5  per  cent  solution.  This  fact  supports 
the  theory  that  the  action  of  chloretone  as  an  anaesthetic  is  due  to 
separation  of  chloroform  in  the  tissues. 


Figure  5. 

The  curves  produced  by  the  action  of  the  potassium  sulphocyanide 
showed  unexpected  peculiarities.  At  first,  a  i  per  cent  solution  as 
mentioned  by  various  authors,  was  used,  and  later  \  per  cent  and  2 
per  cent  solutions. 

In  every  case  the  lever  rose  rapidly  to  a  certain  variable  height 
and  then  sank,  the  amount  of  rise  and  fall  varying  with  the  strength 
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of  the  solution.  After  the  lever  ceased  to  fall,  heat  was  applied  and 
more  or  less  irregular  primary  and  secondary  heat  contractions 
occurred. 

Fig.  5  shows  the  curves  made  by  a  pair  of  muscles,  L  in  a  2  per 
cent  solution,  R  in  a  i  per  cent  solution.  At  X  the  muscle  gave 
several  slight  twitches,  showing  that  it  had  not  been  deprived  of 
irritability  by  the  sulphocyanide.  The  whole  appearance  of  the 
initial  contraction  suggested  a  sort  of  tetanus.  One  pair  was  taken 
down  after  an  hour  without  heating,  and  the  muscles  appeared  per- 
fectly fresh :  another  pair  was  left  set  up  for  several  hours  at 
room  temperature:  within  an  hour  from  the  beginning  of  the 
experiment,  both  of  these  muscles  made  slight  contractions  and 
then  gradually  lengthened ;  after  forty-one  hours  both  muscles  made 
large  contractions  on  heating  to  between  50°  and  60°. 

Four  different  samples  of  the  chemical,  all  supposed  to  be  **  C.  P.," 
were  tried  with  the  same  result. 

The  results  of  these  last  experiments,  compared  with  those  per- 
formed with  chloretone  tend  to  confirm  the  impression  that  chloretone 
may  prove  valuable  in  the  study  of  proteid  coagulation  in  its  relation 
to  rigor  contraction. 

Conclusions. 

1.  The  energy  of  rigor  contraction  decreases  rapidly  with  decrease 
in  temperature,  being  very  slight  at  20°  C.  or  below. 

2.  The  energy  of  secondary  heat  contractions  (SO°-63°)  in  the 
gastrocnemius  is  less  than  that  of  ordinary  rigor  contraction  at  20° 
C. :  it  is  not  measurcable  by  the  spring  used  in  these  experiments, 
even  when  the  muscle  has  been  stretched  to  its  original  length  before 
the  temperature  of  secondary  heat  contractions  is  reached. 

3.  There  is  a  certain  degree  of  parallelism  between  temperature, 
rate,  amount,  and  energy  of  rigor  contraction. 

4.  A  gastrocnemius  muscle,  undergoing  heat  rigor,  does  more 
work  when  it  contracts  against  a  spring  than  when  it  is  "after- 
loaded  "  (200  grams.) 

5.  The  fact  that  complete  rigor  at  20°  C.  entirely  cuts  out  the  first 
heat  contraction  (37''-45°),  but  not  the  secondary  heat  contractions 
(50^-63'')  indicates  that  rigor  mortis  of  frog's  muscle  involves  co- 
agulation of  soluble  myogen  fibrin  (v.  Fiirth),  but  not  of  myosin  or 
myogen. 

6.  The  fact  that  immersion  of   a   muscle   in  chloretone   solution 
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(0.1-0.5  P^r  cent)  produces  a  contraction  which  cuts  out  the  first 
heat  contraction  (37°-45°),  but  not  the  secondary  contractions  (50°- 
63° )  indicates  that  the  result  of  its  action  is  coagulation  of  soluble 
myogen  fibrin,  but  not  of  myosin  or  myogen  (v.  Fiirth). 

7.  A  slight  contraction  produced  by  weak  chloretone  solutions 
(0.1-0.3  per  cent)  is  compensated  by  a  proportionately  greater 
secondary  heat  contraction,  —  as  in  the  case  of  slight  rigor  mortis 
contractions  (Brodie  and  Richardson),  —  indicating  a  different 
molecular  disposition  of  the  coagulated  proteid  in  a  slow  primary 
contraction,  making  a  greater  secondary  heat  contraction  mechani- 
cally possible. 

8.  The  action  of  chloretone  is  very  definite  and  constant,  as  com- 
pared with  that  of  potassium  sulphocyanide. 

In  conclusion,  I  desire  to  express  my  thanks  to  Dr.  Joseph  W. 
Warren  for  suggestions  and  criticism. 


Observations  and  Experiments  on  Regeneration 

in  Hydra  viridis. 


By 
Dr.  Helen  Dean  King. 


With  31  figures  in  text. 


Eingegangen  am  24.  Mai  1901. 

During  the  past  three  years,  several  papers  have  appeared  dealing 
with  regeneration  and  grafting  in  various  species  of  Hydra.  These 
papers  have,  in  the  main,  formed  the  starting  point  for  the  fciJlowing 
experiments  which  were  made  in  the  hope  that  they  would  throw 
additional  light  on  the  processes  of  regeneration  and  regulation  in  this 
form.  The  work  was  carried  on  during  the  winter  of  1900  — 1901, 
under  the  direction  of  Professor  T.  H.  Morgan  to  whom  I  am  in- 
debted for  helpful  advice  and  criticism. 


I.  Material  and  Method. 

The  small  green  polyp.  Hydra  viridis,  was  used  in  all  the 
experiments  as  it  could  be  obtained  in  great  numbers  throughout  the 
winter  months,  and  also  because  it  regenerates  more  quickly,  and 
seems  to  survive  more  severe  operations  than  does  the  larger  form, 
Hydra  grisea. 

A  shallow  dish  with  a  thin  layer  of  paraffine  in  the  bottom  was 
used  in  making  all  the  experiments.  The  dish  nearly  fiill  of  fresh 
water,  was  placed  on  the  stage  of  a  dissecting  microscope  and  the 
animals  to  be  operated  upon  were  then  transferred  to  it.  The  polyps 
very  soon  attached  themselves  to  the  paraffine,  and  cuts  were  then 
made  with  a  small  sharp  scalpel  in  any  desired  direction. 
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Tn  all  the  grafting  experiments  a  fine  glass  thread  was  used  to 
hold  the  parts  of  the  graft  together,  as  bristles  or  hairs  when  delicate 
enough  for  this  purpose  are  very  flexible  and  not  readily  pushed  through 
the  tissues  without  lacerating  them.  By  heating  small  glass  tubing  over 
the  blowpipe  flame  it  is  easily  drawn  out  into  a  thread  which  can 
be  made  very  fine  and  still  firm  enough  to  pass  readily  through  the 
tissues.  The  glass  thread  was  always  left  attached  to  a  piece  of  the 
larger  tubing  which  served  as  a  handle  in  grafting  thus  making  the 
use  of  forceps  unnecessary.  After  the  pieces  of  hydra  had  been  brought 
together,  the  part  of  the  glass  thread  containing  the  graft  was  broken 
off*  from  the  handle  and  one  end  stuck  obliquely  into  the  paraffine. 
The  graft  was  therefore  surrounded  on  all  sides  by  water,  and,  if 
the  parts  had  been  brought  in  close  contact  in  the  beginning  of  the 
experiment,  they  so  rarely  separated  that  at  least  nine  tenths  of  all 
the  grafts  were  successful.  In  from  one  to  two  hours  the  components 
of  the  graft  were  firmly  united.  The  glass  rod  was  then  removed 
and  the  graft  transferred  into  a  small  glass  dish  containing  fresh 
spring  water.  Green  water  plants  (Nitella,  Cara  etc.)  were  always 
kept  in  the  dishes  containing  the  hydras  and  small  Crustacea  (Daphnea, 
Cyclops  etc.)  and  rich  cultures  ofParamoecia  (obtained  from  hay  in- 
fusions) were  supplied  as  food.  The  polyps  were  not  attacked  by 
fungus  growths,  or  bacteria;  and  many  of  them  were  kept  in  good 
condition  for  over  three  months,  during  which  time  they  gave  oflF  many 
buds  and  in  some  cases  produced  ova. 

II.  Relation  between  the  Size  of  a  Hydra  and  the  Number 

of  Tentacles  it  Bears. 

In  his  recent  paper  dealing  with  the  ^Variation  and  Regulation 
of  Abnormalities  in  Hydra«,  Parke  (12)  has  stated  that  his  obser- 
vations seem  to  show  that  the  size  of  a  hydra  is  directly  proportional 
to  the  number  of  tentacles  it  bears;  that  if  this  ratio  is  altered  bv 
an  increase  or  a  decrease  in  the  size  of  the  hydra ,  there  will  be  a 
corresponding  increase  or  decrease  in  the  number  of  tentacles.  The 
following  experiment  was  made  to  determine,  if  possible,  whether 
such  a  relation  exists  in  all  cases,  and  if  so,  how  it  is  brought 
about. 

A  number  of  polyps  were  taken  at  random  from  several  aquaria 
and  separated  into  groups  according  to  the  number  of  tentacles  each 
bore,  no  attention  being  paid  to  the  size  of  the  hydra.  The  head  of 
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each  individual  was  then  cut  off  close  behind  the  circle  of  tentacles, 
and  the  posterior  and  anterior  pieces  of  each  sort  carefully  isolated. 

If  Parke's  view  is  correct  not  only  ought  each  posterior  piece  of 
hydra,  which  is,  of  course,  of  less  volume  than  the  original  individual, 
to  regenerate  fewer  tentacles  than  were  removed;  but  each  of  the 
small  hydras,  produced  from  an  anterior  piece,  should  absorb  as 
many  of  its  tentacles  as  would  necessary  to  bring  about  the  proper 
relation  between  the  size  of  the  individual  and  the  number  of  its 
tentacles.  The  body  of  a  hydra  which  originally  had  eight  or  nine 
tentacles  would  be  expected  to  regenerate  more  tentacles  than  one 
with  originally  but  six  or  seven  tentacles;  and  a  hydra-head  having 
originally  eight  or  nine  tentacles  ought,  on  this  theory,  to  lose  more 
of  its  tentacles  than  one  which  had  but  six  or  seven  tentacles  in  the 
beginning. 

The  following  table  shows  the  number  of  tentacles  which  had 
regenerated  on  the  posterior  pieces  fourteen  days  after  the  operation. 

Table  I. 


Originally  six-tentacled  Hydras 

Originally  seven-tentacled  Hydras 

No.  individuals  j  No.  tentacles  regenerated  i 

No.  individnals 

No.  tentacle.<«  regenerated 

0 

6 

1 

6 
5 

8 

8 

10 

2 

7 

O 

Total     12 

68                 1 

1 

20 

12() 

Originally  eigbt-tentacled  Hydras 

No.  individnals 

No. 

tentacles  regenerated 

2 
9 
3 
2 

8 
7 
6 
5 

Total     16 

107 

Originally 

nine-tentacled  Hydras 

No.  individuals 

No.  tentacles  regenerated 

2 
1 
1 

8 
7 
6 

4 

29 

Average  number  of  tentacles  regenerated  by  six-tentacled  hydras 5.6 

-  seven-tentacled     -      6.3 

-  eight-tentacled      -      6.6 

-  nine-tentacled       -     7.1 


In  all  cases  except  one  of  the  six-tentacled  hydras  which  for 
some  unknown  reason  produced  eight  tentacles,  fewer  tentacles  were 
regenerated  than  were  cut  off  in  the  beginning  of  the  experiment,  and 
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the  indiyidaals  having  originally  the  greatest  number  of  tentaeles 
regenerated  the  greatest  average  number.  These  results  are  in  full 
accord  with  those  of  similar  experiments  made  by  Sand  (15)  to 
determine  the  relation  between  the  original  number  of  tentacles  in 
an  individual  and  the  number  of  tentacles  regenerated^  and  seem  to 
verify  Parke's  conclusion  that  a  direct  proportion  exists  between  the 
size  of  an  individual  and  the  number  of  tentacles  it  bears. 

The  anterior  pieces  of  hydra  formed  small  polyps  in  the  coarse 
of  three  or  four  days,  and  many  of  them  lived  for  over  two  months. 
In  not  a  single  case  was  there  a  decrease  in  the  number  of 
tentacles  even  in  the  polyps  which  had  originally  nine  tentacles; 
on  the  contrary,  the  number  of  tentacles  was  increased  by  one  or 
two  in  several  instances.  The  hydras  formed  from  these  small  anterior 
pieces  could  not  have  been  more  than  one  fourth  of  the  volume  of 
the  original  individuals,  yet  no  attempt  was  made  on  the  part  of  the 
polyp  to  decrease  the  number  of  its  tentacles  so  as  to  establish  any 
definite  relation  between  the  size  of  the  hydra  and  the  number  of 
its  tentacles.  This  result  does  not  support  Parke's  view  and  seems 
to  show  that  there  is  some  important  factor  other  than  the  size  of 
the  hydra  which  determines  the  number  of  tentacles  in  any 
given  case. 

The  size  of  the  hydra  is  undoubtedly  one  of  the  important  factors 
in  determining  the  number  of  tentacles  which  will  regenerate  on  the 
hypostome  of  the  new  individual  formed  from  a  piece  of  the  body 
wall,  as  the  results  of  Table  I  show.  Peebles  (13)  has  found  that 
the  smallest  piece  of  hydra  capable  of  regeneration  never  forms  more 
than  one  tentacle,  while  a  piece  slightly  larger  is  able  to  regenerate 
but  two  tentacles.  Rand  has  recorded  the  results  of  an  extensive  series 
of  experiments  which  seem  to  show  that  the  number  of  tentacles 
that  regenerates  depends,  to  a  great  extent,  on  the  size  of  the  hydra. 
If,  however,  a  given  number  of  tentacles  is  already  present,  the  last 
experiment  shows  that  there  is  no  necessity  for  the  number  to  be 
changed  in  order  to  establish  a  definite  ratio  between  the  size  of 
the  individual  and  the  number  of  its  tentacles.  If  is  very  probable 
that  in  the  cases  observed  by  Parke  in  which  the  number  of  tentacles 
was  decreased  that  the  polyps  were  not  in  good  condition.  If  the 
water  in  which  the  hydras  live  is  allowed  to  become  stale,  or  if  food 
is  lacking  the  hydras  invariable  become  much  smaller,  the  number 
of  tentacles  decrease  and  the  polyps  soon  die. 

Is  the  size  of  the  hypostome  also  a  factor  in  determining  the 
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number  of  tentacles  which  a  polyp  bears?  To  test  this  point  a  number 
of  hydras  were  allowed  to  become  fully  expanded  and  the  head  of 
each  was  cut  off  as  closely  as  possibly  behind  the  circle  of  tentacles. 
The  diameter  off  each  hypostome  was  then  measured  under  a  Zeiss 
AA.  ocular  4.  The  measurement  was  made  when  the  tentacles  were 
fully  expanded  and  in  each  case  it  extented  as  nearly  as  possibly 
across  the  centre  of  the  hypostome  from  the  inner  base  of  one  ten- 
tacle to  the  inner  base  of  another  tentacle  on  the  opposite  side  of 
the  mouth.  On  account  of  the  constant  movements  of  the  polyps  it 
was  not  possible  to  make  very  accurate  measurements,  but  the  figures 
given  in  the  following  table  are  approximately  exact 

Table  11. 


Six-tentaeled  Hydras 

SeTOB-teatacled  Hydras 

Eigbt-tentacled  Hydras 

No.  individuals 

DiameUr  of 

hypostome 

in  millimeters 

■ 

No.  indiriduals 

Diameter  of 

bypostome 

in  millimeters 

No.  individuals 

Diamster  of 

hypostome 

in  millimeters 

2 
3 
2 

0.18  mm 
0.20   - 
0.22    - 

i 

1 

5 
1 

0.20  mm 
0.22    - 
0.26   - 

3 
1 

4 
2 

0.22  mm 
0.24   - 
0.26   - 
0.28   - 

Total  7 

7 

10 

Nine-tentacled  Hydras 

Ten-tentacled  Hydras 

No.  individuals 

Diameter  of 

hypostome 

in  millimeters 

No.  individuals 

Diameter  of 

hypostome 

in  millimeters 

1 
2 

2 

0.28  mm 
0.30   - 
0.32    - 

1 
1 

0.32  mm 
0.34    - 

Total  5 

2 

Average  diameter  of  the  hypostome  of  a  six-tentacled  hydra.  . 

-  -  seven-tentacled  hydra 

-  -  eight-tentacled 

-  -  nine-tentacled 

-  -  ten-tentacled 


0.20  mm 
0.22   - 
0.26    - 
0.30   . 
0.33    - 


The  average  difference  in  the  size  of  the  hypostomes  of  hydras 
bearing  different  numbers  of  tentacles  varies  between  0.02  mm  and 
0.03  mm  in  all  cases  excepting  between  the  eight  and  nine-tentacled 
hydras  where  for  some  unknown  reason  it  is  increased  to  0.05  mm, 
dropping  down  again  to  0.03  mm  between  the  nine  and  ten-tentacled 
hydras. 
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It  is  to  be  regretted  that  more  measurements  could  not  be  made 
of  the  hypostomes  of  ten-teutacled  hydras,  but  only  two  individuals 
haviug  this  number  of  tentacles  could  be  found  among  the  three  or 
four  hundred  hydras  examined  for  this  purpose.  Some  search  wa-^ 
also  necessary  to  obtain  the  five  specimens  of  nine-tentacled  hydras, 
but  polyps  having  six,  seven  or  eight  tentacles  were  very  abundant. 
The  hydras  measured  were  taken  from  four  different  aquaria  and  as 
they  were  selected  solely  on  account  of  the  number  of  tentacles 
they  were  presumably  individuals  of  average  size. 

The  above  Table  shows  that  there  is  considerable  individual 
variation  in  the  size  of  the  hypostomes  of  polyps  bearing  the  same 
number  of  tentacles  and  that  no  sharp  line  can  be  drawn  betweeu 
the  dilfcrent  groups  of  hydra  in  this  respect,  as  the  measurements 
overlap  in  every  case.  When,  however,  an  average  is  made  of  the 
size  of  the  hypostomes  in  the  difterent  groups,  it  is  seen  that  normal 
hydras  having  the  fewest  tentacles  have  also  the  smallest  hypostomes 
and  that  there  appears  to  be  a  direct  proportion  between  the  size  of 
the  hypostome  and  the  number  of  tentacles  it  l)ears. 

The  posterior  and  anterior  pieces  into  which  the  polyps  were 
divided  in  order  to  make  the  above  measurements,  were  carefully  iso- 
lated and  allowed  to  regenerate  into  complete  individuals.  The  question 
arises  as  to  whether  the  new  hypostome  formed  on  a  posterior  piece 
will  be  as  large  as  that  of  the  polyp  before  the  head  was  removed 
or  whether  it  will  be  decreased  in  size  to  correspond  with  the  decrease 
in  the  size  of  the  hydra. 

One  week  after  the  first  measurements  were  made  the  heads 
were  cut  off  of  the  regenenited  hydras  and  measurements  made  as 
before.     The  results  are  given  in  the  following  Table. 

Table  III. 


OrigiaAlly  »ix-telIt•cl^d  Hydras  Ori|finally  •eT«>n-t«nUcl6ii  Hydru 


^.      „    ,  ,    Xo.  tentacles  Diameter  Xo.  tentacles    I       Diameler 

re^neratetl        of  byposlome  recenrrated     i    of  hypostome 


1  4  0.12  nmi  2  5  0.16  mm 

:>  :>  0.14      -  3  i\  '     0.18     - 

1  5  0.10     -  2  6  '     0.20     - 

1  i\  O.U?     - 

1  «>  0.18     - 

1  li  0.20     - 


Avenifft*  o  2l^  0.15  mm  5.7  0.18  mm 
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Originally  eight-tentacled  Hydras 

Originally  nine-tentacled  Hydras 

No.  Hydraa 

No.  tentacles 
regenerated 

Diameter 
of  hypostome 

-,     -,   ,              No.  tentacles 
No.  Hydras                         .    , 
regenerated 

Diameter 
of  bypostome 

1 

1  4 
3          1          6 

2  6 

1       :       7 

3  7 

0.14  mm 
0.16    - 
0.20    - 
0.20    - 
0.22    - 

1 

1 

2 

1 

7 

7 
8 
8 

0.18  mm 
0.22    - 
0.20    - 
0.22    - 

Average 

6.2 

0.19  mm 

7.6 

0.20  mm 

Originally  ten-tentacled 

Hydras 

No.  Hydras 

No.  tentacles 
regenerated 

Diameter 
of  hypostome 

2 

8 

0.22  mm 

Average 


8 


0.22  mm 


From  the  above  table  it  is  seen  that  the  polyps  with  originally 
the  smallest  number  of  tentacles  have  regenerated  the  smallest  average 
number.  The  smallest  hypostomes  are  found  on  the  polyps  with  the 
fewest  tentacles,  so  that  there  is  the  same  direct  proportion  between 
the  size  of  the  hypostome  and  the  number  of  tentacles  that  is  shown 
in  Table  11.  The  average  diameter  of  the  hypostome  of  a  normal 
six-tentacled  hydra  is  0.2  mm,  but  that  of  the  regenerated  polyp  is 
but  0.15  mm,  a  diflFerence  of  0.05  mm.  The  diflference  is  0.04  mm  in 
the  seven-tentacled  hydras;  0.06  mm  in  the  eight-tentacled  hydras; 
a  marked  increase  to  0.10  mm  in  the  case  of  the  nine-tentacled 
polyps;  and  a  farther  increase  in  the  ten-tentacled  hydras  to  0.11  mm. 
In  the  first  three  cases  the  diflFerence  is  well  within  the  limits  of  in- 
dividual variation  which  in  the  eight-tentacled  hydras  is  as  much  as 
0.06  mm;  but  the  great  increase  in  the  nine  and  ten-tentacled  hydras 
is  far  in  excess  of  this,  so  that  it  is  not  probable  that  individual 
variation  can  account  satisfactorily  for  the  facts  in  any  case. 

Morgan  (10)  has  called  attention  to  the  fact  that  the  new  polyp 
formed  from  a  piece  of  the  body  wall  of  a  hydra  is  produced  by  a 
remodelling  of  the  old  material  without  the  apparent  formation  of  any 
new  tissue.  The  size  of  the  polyp  thus  formed  depends  on  the  size 
of  the  original  piece  of  body  wall.  The  hypostome  formed  on  the 
new  individual  would  naturally  be  smaller  than  that  of  the  original 
polyp  in  order  to  correspond  with  the  size  of  the  new  hydra.  That 
a  hypostome  when  already  present  is  also  remodelled  to  correspond 
with  the  size  of  the  polyp  is  shown  by  the  following  measurements 
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of  the  hypostomes  of  the  small  polyps  formed  from  the  heads  of  the 
hydras  cut  off  in  the  previous  experiment.  The  measurements  were 
made  at  the  same  time  as  those  recorded  in  Table  III. 


Tabl 

e  IV. 

Six-tentacled  Hydrai 

;i         SeTen-tentacled  Hydras 

Eight-tentacled  Hydraa 

No.  Hydras 

Diameter 
of  Iiypostoine 

No.  Hydras 

1 

Diameter 
of  bypostome 

1 

No.  Hydras 

Diameter 
of  hypostoBie 

2 

4 
1 

0.14  mm 
0.16     - 
0.18     - 

0.157  mm 

1 

4 
2 

0.16  mm     i 
0.18     - 
0.20     - 

( 

2 

6 
2 

1 

cled  Hydras 

0.18  mm 
0.20     - 
0.22      - 

Average 

• 

0 18  mm 

1 

0.20  mm 

Kine-ientac 

led  Hydras 

Teu-tenta 

No.  Hydras 

Diameter 
of  hypostome 

.,     „   .                   Diameter 
No.  Hydras            .  . 

of  hypostome 

2 
2 
1 

0.24  mm 
0.26     - 
0.28      - 

1 
1 

0.26  mm 
0.30     - 

Average 

0.25  ram 

0.28  mm 

Loss  in  diameter  of  the  hypostomes  of  the  six-tentacled  hydras  .   .  .  0.05  mm 

-  seven-tentacled  hvdras  .  .  0.04   - 
-     -             -            -     -    eight-tentacled        -        .  .  0.06   - 

-  nine-tentacled         -        .  .  0.05    - 

-  ten-tentaoled  -       .  .  0.06   - 

Although  in  no  ease  has  the  number  of  tentacles  been  diminished, 
yet  the  average  diameter  of  the  hypostomes  has  decreased  about 
0.05  mm,  irrespective  of  the  number  of  tentacles  possessed  by  the 
polyp.  The  loss  can  be  well  accounted  for  on  the  ground  that  the 
hypostome  has  been  remodelled  in  each  case  to  accord  with  the 
smaller  size  of  the  new  polyp.  The  remodelling  of  the  hypostome 
does  not  in  any  way  affect  the  number  of  tentacles  present  It  would 
be  interesting  if  comparative  measurements  could  be  made  of  the 
lengths  of  the  tentacles  of  a  normal  hydra  and  of  one  remodelled  from 
a  piece  of  the  body  wall.  The  volume  of  the  tentacles,  if  aot  the 
number,  may  be  decreased  to  correspond  with  the  volume  of  the  new 
polyp  so  that  a  definite  ratio  is  established  between  the  volome  of 
the  hvdra  bodv  and  the  volume  of  its  tentacles. 

Summarizing  the  results  of  Tables  II,  III,  and  IV,  it  is  seen  that 
the  normal  hydras  with  the  largest  number  of  tentacles  have  the 
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argest  average  hypostomes  although  individual  measurements  overlap 
in  many  cases;  that  in  polyps  remodelled  from  a  piece  of  the  body 
wall  the  new  hypostome  is  smaller  than  that  of  the  original  polyp 
and  fewer  tentacles  are  regenerated;  that  the  hypostomes  of  all  the 
small  hydras  produced  from  circles  of  tentacles  decrease  in  size  about 
0.05  mm,  although  there  is  no  corresponding  decrease  in  the  number 
of  tentacles. 

The  size  of  the  hypostome  undoubted  depends  to  a  great  extent 
on  the  size  of  the  polyp,  and  both  are  probably  important  factors  in 
determining  the  number  of  tentacles  that  will  regenerate  in  any 
given  case. 

If  all  the  tentacles  are  removed  without  decreasing  the  volume 
of  the  body  of  the  hydra  or  the  size  of  the  hypostome,  will  the  same 
number  of  tentacles  regenerate  or  not?  Polyps  were  held  firmly  with 
a  blunt  needle  under  a  dissecting  lens  and  the  tentacles  cut  off  close 
to  the  hypostome.  If  any  of  the  body  wall  was  removed,  or  if  a 
considerable  portion  of  the  base  of  a  tentacle  was  found  to  be  present 
when  the  hydra  became  extended,  the  polyp  was  excluded  from  the 
experiment.  Fifty  individuals  were  operated  upon,  but  all  except  27 
were  rejected  for  one  or  the  other  of  the  reasons  given  above.  The 
following  record  was  made  ten  days  after  the  operation. 

Table  V. 


Origrinally  seven-tentacled  Hydras 


No.  indiTidnals    No.  tentacles  regenerated 


1           Originally  eigbt-tentacled  Hydras 

No.  individuals 

No. 

tentacles  regenerated 

8 
6 
1 

8 

7 
6 

15 

Total  12        I 

In  the  majority  of  hydras  the  same  number  of  tentacles  regener- 
ated as  were  removed.  The  cases  where  fewer  tentacles  regenerated 
than  were  removed  may,  perhaps,  be  due  to  the  fact  that  a  small 
piece  of  the  hypostome  was  cut  off  with  the  tentacles  in  spite  of  the 
care  taken  to  include  in  the  experiment  only  the  individuals  in  which 
the  tentacles  alone  appeared  to  be  removed.  In  no  case  were  more 
tentacles  regenerated  than  had  been  cut  off,  so  the  mere  cutting  of 
the  hypostome  does  not  give  a  stimulus  to  the  production  of  additional 
tentacles. 

Rand  cut  off  the  heads  of  a  number  of  six  and  seven-tentacled 
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hydras  and  then  divided  the  body  transversely  as  nearly  as  possible 
into  two  equal  parts.  He  found  that  the  posterior  pieces  regenerated 
a  greater  average  number  of  tentacles  than  the  anterior  pieces.  Rand 
attemps  no  other  explanation  of  the  phenomenon  than  to  state  that 
>the  excess  in  the  mean  for  the  lower  halves  is  due  to  the  same 
causes  that  determined  the  difference  in  the  original  number  of  ten- 
tacles, rather  than  to  a  difference  in  the  amount  of  wounded  sur- 
face*. 

I  repeated  the  experiment  using  seven-tentacled  hydras  in  all 
cases.  The  result  agrees  entirely  with  that  obtained  by  Rand  as  the 
following  table  shows. 

Table  VI. 


Seven-tentftcled  Hydras. 


No. 

upper  pieces 

No.  lower  pieces 

No.  tentacles  regenerated 

2 

8 

3 

•0 

o 

7 

4 

6 

6 

7 

4 

5 

5 

4 

4 

2 

3 

2 

2 

Total 

28 

23 

Average  mimber  of  tentacles  produced  by  the  upper  halves 

-    lower 


4.5 
5.6 


A  difference  in  the  volumes  of  the  upper  and  lower  pieces  can 
hardly  account  for  the  uniform  result  obtained  by  Rand  and  myself. 
It  is,  of  course,  impossible  to  make  the  cut  exactly  in  the  middle  of 
each  polyp  in  every  case;  but  the  upper  pieces  are  as  liable  as  the 
lower  to  be  the  larger  part.  Cutting  the  body  transversely  through 
the  middle  brings  the  region  of  the  budding  zone  at  the  anterior  end 
pf  the  lower  piece,  and  the  reproductive  zone  at  the  anterior  end  of 
the  upper  piece.  This  may  account  for  the  difference  in  the  number 
of  tentacles  produced  in  the  two  cases  as  the  region  of  the  budding 
zone  is  evidently  much  more  active  in  regenerating  tentacles  than 
the  reproductive  zone,  although  the  latter  lies  nearer  the  oral  end 
of  the  hydra. 
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III.  The  Regeneration  of  Polyps  Split  Longitudinally  Through  a  Part 

of  the  Body. 

Trembley  (17)  in  his  experiments  on  hydra,  cut  the  body  of  a 
polyp  longitudinally  from  the  oral  end  to  the  middle  of  the  body  and 
a  few  days  later  obtained  a  double-headed  hydra.  He  then  split  each 
of  the  two  heads  in  the  same  manner  and  obtained  a  polyp  with 
four  heads  on  one  body.  He  even  succeeded  in  obtaining  an  eight- 
headed  form  by  splitting  each  of  the  heads  of  a  four-headed  polyp. 
Trembley  also  states  in  his  memoir  that  hydra  with  two,  four,  or 
eight  feet  can  be  obtained  by  a  similar  splitting  of  the  aboral  instead 
of  the  oral  end  of  a  polyp. 

I  have  repeated  some  of  Trembley's  experiments  and  also  ex- 
tended them  in  order  to  answer,  if  possible,  some  of  the  following 
questions:  Will  each  of  the  two  heads  formed  on  a  polyp  by  the 
method  described  above,  have  as  many  tentacles  as  the  original  hydra, 
or,  if  not,  will  the  number  of  tentacles  on  the  new  heads  bear  any 
definite  relation  to  the  number  of  tentacles  on  the  old  head?  Will 
the  two  heads  grow  together  again  at  a  later  period  and  produce  a 
typical  hydra  or  will  they  separate  and  produce  two  individuals?  Is 
it  possible  to  produce  heteromorphosis  by  this  means? 

a.  Double-headed  Hydras. 

When  polyps  are  split  longitudinally  a  greater  or  less  distance 
through  either  the  oral  or  the  aboral  end,  there  is  always  a  great 
tendency  for  the  parts  to  reunite  at  once.  This  reunion  can  be 
prevented  in  a  majority  of  cases  if  the  cut  edges  are  separated  every 
few  minutes  for  an  hour  or  two  after  the  operation,  as  only  freshly 
cut  surfaces  unite  readily.  The  cut  edges  on  each  side  close  in  very 
soon  after  the  operation  and  perfect  cylinders  are  formed  inside  of 
twenty-four  hours. 

The  following  table  gives  a  summary  of  two  sets  of  experiments, 
one  made  on  Dec.  5*^,  1900,  the  other  on  Jan.  9*^,  1901,  in  which 
the  oral  end  of  a  number  of  polyps  was  split  longitudinally  through 
the  middle  line  to  within  a  short  distance  of  the  foot.  The  observa- 
tions recorded  in  b  were  made  two  weeks  after  the  operation  in  each 
set  of  experiments. 


ArehiT  f.  EntwiekeliuigBmeelianik.    XIU.  XO 
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Table  VII. 


a. 


No.  individuals 

1 

Original  no.  of 
tentacles 

24  hrs. 
No. 

after  operation 
tentacles 

on  one  head 

on  the  other  head 

6 

9 

o 

4 

2 

9 

6 

3 

17 

8 

4 

4 

9 

8 

5 

3 

25 

7 

4 

3 

3 

7 

5 

2 

6 

6 

3 

3 

2 

6 

4 

2 

Total   70 

524 

296 

1          228 

b. 


No.  individuals 

2  weeks  after  operation 
No.  tentacles 
on  one  head       1  on  the  other  head 

3 

10 

7 

2 

10 

6 

4 

9 

4 

mm 

5 

8 

6 

3 

8 

8 

7 

7 

13 

7 

6 

10 

7 

5 

7 

(> 

6 

8 

6 

5 

6 

4 

4 

5 

5 

1 

o 

4 

Total   70 

494 

392 

The  70  individuak  had  originally  a  total  of  524  tentacles.  Two 
weeks  after  the  operation  the  polyps  had  a  total  of  886  tentacles, 
there  being  an  increase  of  362  tentacles  or  an  average  of  5.1  ten- 
tacles for  each  hydra.  In  two  polyps,  10  tentacles  were  found  on 
one  of  the  new  heads,  one  more  than  the  highest  nnmber  of  ten- 
tacles possessed  by  any  hydra  before  the  operation.  The  greatest 
increase  in  the  nnmber  of  tentacles  on  any  one  head  was  four,  and  in 
every  c^ise  there  was  an  increase  of  at  least  one  tentacle  on  each 
head. 

In  a  slight  variation  of  this  experiment,  eight-tentacled  liydras 
only  were  nsed.    The  head  of  each  polyp  was  cut  off  close  behind 
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tfie  circle  of  tentacles  and  the  body  was  then  split  longitudinally  in 
the  median  line,  half  way  to  the  foot.  Table  VUI  shows  the  result 
when  the  cut  edges  were  prevented  from  uniting  so  that  two  heads 
formed  on  each  polyp.  The  observations  were  made  two  weeks  after 
the  operation. 

Table  VIII. 


No.  indiyidaals 


No.  tentacles  regenerated 
on  one  bead       I  on  the  other  head 


4 

8 

0 

3 

7 

6 

6 

7 

4 

3 

6 

6 

2 

0 

o 

2 

5 

3 

Total   20 


133 


96 


The  20  hydras  had  originally  160  tentacles,  a  total  of  229  re- 
generated on  the  double-headed  forms  in  the  course  of  two  weeks, 
being  an  increase  of  69  tentacles,  or  an  average  of  3.4  tentacles  for 
each  individual.  In  no  case  were  more  tentacles  regenerated  on  any 
one  head  than  were  originally  possessed  by  the  hydra. 

A  comparison  of  the  observations  made  in  Tables  VII  und  Vm 
shows  that  in  both  sets  of  experiments  the  splitting  of  the  oral  end 
of  the  polyps  has  caused  a  marked  increase  in  the  total  number  of 
tentacles  over  the  number  originally  possessed  by  the  hydras,  and 
that  the  average  increase  in  the  number  of  tentacles  is  1.7  greater 
for  each  individual  if  the  circle  of  tentacles  is  not  removed  in  the 
beginning  of  the  experiment  before  the  longitudinal  cut  is  made. 

The  increase  in  the  number  of  tentacles  in  either  of  the  above 
sets  of  experiments  cannot  be  due  to  a  stimulus  produced  by  the 
mere  cutting  of  the  tissues  since  it  has  already  been  shown  that  the 
removal  of  all  of  the  tentacles  close  to  the  hypostome  is  not  followed 
by  any  increase  in  the  number  of  tentacles  that  regenerate  (Table  V). 

Driesch  (3)  has  found  that  if  a  piece  of  the  stem  of  Tubularia 
is  separated  into  two  parts  by  a  longitudinal  split  through  the  middle 
line,  that  the  sum  of  the  tentacles  formed  on  both  pieces  is  greater 
than  the  number  of  tentacles  found  on  the  stem  before  the  splitting. 
In  discussing  this  result  Driesch  states  that  there  is  of  necessity 
more  oral  surface  on  the  two  cylinders  formed  than  there  was  on  the 
original  stem.      »Nun  entstehen  die  Anlagen  der  Tentakel  bei  der 

10* 
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Reparation  als  Gebilde,  die  rings  um  eine  FIfiche,  eben  den  Mantel 
des  eylindrischen  COnosarks  hernm  vertheilt  sind.  Es  ist  daher  eine 
naheliegende  Annahme,  dass  sie  in  der  Art  ihrer  Vertheilnng,  sowie 
hinsichtlich  ihrer  absolnten  Zahl  cet.  par.  darch  die  absolute  6r5Be 
dieser  Fl^he  bestimmt  sein  mochten.«  Ist  das  aber  zngegeben,  so 
folgt  ans  den  vorstehenden  geometrisehen  Betracbtungen  ohne  Weiteres, 
dass  an  den  beiden  Mantelfl^chen  zweier  Partial  cylinder,  die  ans 
einem  nrsprlinglichen  Conosarkcylinder  der  Tnbularia  entstanden  sind^ 
znsammen  mehr  Tentakel  cet.  par.  entstcben  k5nnen,  als  an  letzterem. 

I  see  no  reason  why  this  explanation  of  the  increase  in  the 
number  of  tentacles  in  Tnbularia  following  a  longitudinal  splitting  of 
the  stem  is  not  adequate  to  account,  in  part  at  least,  for  the  same 
phenomenon  in  hydra.  Wlien  the  body  of  a  hydra  is  split  longitu- 
dinally through  the  oral  end  and  two  heads  are  fonned,  the  sum  of 
the  perimeters  of  the  hypostomes  of  the  two  new  heads  is  necessarily 
greater  than  that  of  the  original  hypostome  as  Driesch  has  shown 
for  Tnbularia,  and  an  increase  in  the  size  of  the  hypostome  is 
usually  followed  by  an  increase  in  the  number  of  tentacles  as  will 
be  shown  later. 

Spontaneous  cross  division  of  Hydra  was  observed  by  Trembley 
who  says:  >  J'ai  vu  en  eflfet  des  Polypes  se  partager  d'eux-memes.  L'en- 
droit,  on  ils  se  sont  partages,  s'est  pen  i\  pen  retreci,  jusqu'a  ce  qu'en- 
sin,  un  petit  mouvement  a  pu  operer  la  separation.  Chaque  portion 
est  devenue  ensuite  un  Polype  complet.«  Marshall  has  observed 
the  same  phenomenon  in  two  cases  of  Hydra  vulgaris  and  states  also 
that  if  Hydra  vulgaris  is  split  longitudinally  from  the  mouth  to  near  the 
foot,  that  the  parts,  if  they  do  not  grow  together,  produce  two-headed 
forms  which  sooner  on  later  divide  to  form  two  complete  individuals. 

Parke  is  the  only  investigator,  as  far  as  I  know,  who  has 
stated  that  spontaneous  longitudinal  division  of  hydra  occurs.  He, 
however,  has  not  watched  the  process  from  the  beginning  and  hi& 
statement  is  based  solely  on  the  fact  that  he  has  found  two-headed 
forms  which  later  separate  into  two  individuals.  As  an  injury  to  the 
head,  possibly  the  bite  of  an  enemy,  might  easily  have  cansed  the 
formation  of  a  second  head,  I  do  not  think  that  Parke  is  warranted 
in  assuming  that  the  double-headed  forms  he  found  most  have 
originated  from  spontaneous  longitudinal  division.  I  have  found  several 
double-headed  hydras  and  many  other  abnormal  forms  among  the 
stock  hydras  in  different  aquaria,  but  I  consider  that  they  have  all 
been  produced  by  some  injury. 
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Rand  (16)  found  that  when  he  grafted  a  piece  of  a  hydra 
•containing  testacies  into  the  side  of  another  hydra,  that  »th6re  is  a 
«low  migration  of  the  graft  down  the  trunk  to  the  foot  of  the  6tock«. 
A  constriction  then  appears  and  the  two  pieces  separate  sooner  or^ 
later.  In  discussing  this  phenomenon  Band  says:  »It  is  possible  that 
ihe  migration  of  the  graft  is  to  be  explained  as  a  purely  mechanical 
effect  of  gravity.  The  much  vacuolated  cells  of  Hydra  form  ver>' 
watery  tissues,  which  must  yield  readily  to  tension  or  pressure.  The 
weight  of  the  graft  is  supported  at  the  junction  of  graft  and  stock. 
This  weight  may  'be  sufficient  to  cause  the  cells  of  the  graft  to 
slowly  sink  downward  through  those  of  the  stock.* 

Is  gravity,  as  Rand  suggests,  the  cause  of  the  separation  of  the 
:graft  and  stock  in  his  experiments  and  also  the  reason  for  the 
separation  of  the  parts  of  the  two-headed  hydras  observed  by 
Marshall  and  Parke?  To  determine  this  point  if  possible,  20  hydras 
were  split  longitudinally  in  the  median  line  not  quite  half  way 
through  Jthe  length  of  the  body  on  Jan.  9*^,  1901.  The  next  day 
the  16  double-headed  polyps  formed  were  transferred  to  a  glass 
slide  and  allowed  to  become  firmly  attached.  The  slide  was  then 
quickly  inverted  and  put  into  a  large  dish  of  water,  where  it 
drested  a  short  distance  below  the  surface  on  two  cords  stretched 
loosely  across  the  top  of  the  dish  and  fastened  securely  on  either 
side.  The  16  polyps  were  thus  fixed  in  an  inverted  position  and 
gravity,  if  it  has  any  action  on  them,  must  bring  the  parts  together 
instead  of  separating  them. 

In  the  course  of  a  few  days  all  but  one  of  the  polyps  dropped 
from  slide  and  became  attached  in  an  upright  position  to  the  bottom 
•of  the  dish.  No  dhange  could  be  detected  in  the  hydra  which 
remained  attached  to  the  slide  in  an  inverted  position  until  Jan.  21*^, 
when  the  two  heads  seemed  to  be  further  separated.  During  this 
time  the  two  heads  were  never  seen  to  hang  down  straight  in  the 
water,  close  together.  They  were  always  separated  from  each  other 
as  far  as  possible,  thus  causing  a  constant  strain  at  the  place  where 
the  two  heads  joined  the  body.  On  Jan.  24**",  there  was  no  longer 
any  doubt  but  that  a  further  separation  had  taken  place  as  the  two 
heads  were  seen  to  be  attached  only  by  the  foot  region  (Fig.  1)  while 
the  original  cut  had  extended  not  quite  half  way  through  the  body  of 
ihe  polyp.  On  Jan.  26^,  the  hydra  dropped  from  the  slide  but  became 
attached  to  a  piece  of  Nitella  in  the  same  inverted  position  it  had 
occupied  on  the  slide.     On  Jan.  30^^,  the  two  parts  were  attached 
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only  by  a  very  narrow  piece  of  ectoderm  in  the  foot  region  and 
foar  days  later  the  two  polyps  separated  entirely  forming  two  normal 
indiridaalB,  one  with  Bix,  the  other  with  seven  tentacles. 

The  donble-headed  hydras  which  had  dropped  from  the  slide 
and  become  attached  in  an  npright  position  were  also  watched  daring 
this  period.  In  one  case  the  two  heads  separated  completely  on 
Jan.  30">,  fonr  days  before  the  separation  of  the  parts  of  the  inverted 
hydra.  In  10  other  polype  the  parte  separated  in  the  course  of  the 
following  three  or  fonr  weeks,  and  in  4  eases  the  heads  were  still 
attached   three   months  after  the   operation.    The  amonnt  of  time 

Fig.l. 


required  for  the  heads  to  separate  depends  entirely  on  the  extend 
of  the  loDgitndinal  cnt.  If  the  cnt  is  very  shallow  and  extends  only 
throngh  the  hypoatome  several  months  may  be  required  for  the  two 
heads  to  separate  bnt  complete  separation  may  be  effected  in  the  conrse 
of  a  few  weeks  if  the  cnt  extends  at  least  half  way  through  the  body 
of  the  hydra.  In  no  case  have  I  ever  found  that  two  separate  beads 
grew  together  to  form  one  normal  individual,  regnlation  to  the  normal 
form  is  always  brought  abont  by  a  separation  of  the  parts  of  the 
polyp  into  two  individuals. 

The  above  experiment  of  fixing  a  polyp  in  an  inverted  position 
after  splitting  the  oral  end  half  way  through  the  body  was  repeated 
later  with  the  same  result  as  in  the  previous  case.  These  experiments 
prove  conclusively  that  gravity  cannot  he  the  cause  of  the  separation 
of  the  two  heads  in  the  above  experiment  nor  in  the  cases  observed 


Fig.  2. 
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by  Farke  and  Marshall,  and  presamably  it  is  not  the  true 
explanation  of  the  separation  of  the  graft  from  the  stoek  obserred 
by  Kand.  To  offer  an  entirely  satisfactory  ex- 
planation of  the  phenomenon  seems  hardly  pos- 
sible. I  can  only  suggest  that  it  may  be  dne 
to  the  constant  struggle  of  each  part  to  tree  it- 
self from  the  attachioQnt  and  maintain  its  own 
individnality.  In  all  the  doable-headed  polyps, 
whether  they  are  inverted  or  not,  the  two  heads 
always  keep  as  far  apart  as  possible.  This  cannot 
help  bat  caase  a  constant  strain  on  the  place 
of  onion  and  it  does  not  seem  at  all  unlikely 
that  the  final  separation  may  be  caused  by  this 
constant  effort  of  the  two  parts  to  separate  from 
each  other. 

An  interesting  abnormal  form  was  obtained  in  one  of  the  preceding 
experiments  in  which  the  oral  end  of  a  polyp  had  been  removed 


Fig.  3. 


Fig.  i. 


close  behind  the  circle  of  tentacles  and  the  body  then  split  longitu- 
dinally about  half  way  to  the  foot.  Instead  if  the  cut  edges  uniting 
to  form  a  normal  polyp,  or  instead  of  a  donble-headed  form  being 
produced,  the  cut  oral  ends  fused  forming  a  complete  ring  (Fig.  2). 
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Three  days  later  the  line  of  fasion  of  the  cat  edges  could  no  longer 
be  seen  and  four  tentacles  had  appeared  in  this  region.  Daring  the 
next  three  days  the  polyp  elongated  considerably,  a  hypostome  and 
five  more  tentacles  appeared  in  the  median  line  and  the  connection 
between  the  two  side  pieces  at  the  foot  became  mnch  shorter  as 
shown  in  Fig.  3.  Two  weeks  after  the  operation  the  foot  split 
through  the  middle  [Fig.  3X),  and  the  hydra  then  appeared  as  in 
Fig.  4.  The  hypostome  which  had  developed  in  the  median  line, 
was  seen  to  belong  to  the  larger  piece  and  the  smaller  part  of  the 
polyp  attached  by  its  oral  end  to  the  side  of  the  other  piece  was 
in  the  process  of  constricting  off.  Separation  of  the  two  parts  of  the 
hydra  was  effected  at  the  end  of  the  following  week.  The  smaller 
piece  received  three  of  the  nine  tentacles.  It  soon  developed  a 
hypostome  and  became  a  complete  individual. 

b.  The  Reunion  of  the  Cut  Edges  After  a  Longitudinal 
Splitting  of  the  Oral  End  of  a  Hydra. 

In  spite  of  the  repeated  separation  of  the  cut  edges  during  an 
hour  or  more  after  the  operations  recorded  in  the  previous  section, 
the  parts  reunited  in  about  one  fourth  of  the  individuals.  YiThen  this 
reunion  takes  place  is  there  any  change  in  the  number  of  the  ten- 
tacles as  a  result  of  the  operation  ?  Table  IX  gives  the  results  when 
the  cut  edges  reunited  after  a  longitudinal  cut  through  the  oral  end 
of  the  hydra  without  a  previous  removal  of  the  circle  of  tentacles. 
The  hydras  used  in  the  experiment  had  from  six  to  eight  tentacles 
each.    The  observations  were  made  two  weeks  after  the   operation. 


Ta 

ible  IX. 

No.  indiridu&Is 

2 

No.  tentacles  regenent«>i 

'     8" 

6 

9 

2 

10 

3 

11 

4 

12 

3 

13 

2 

U 

Total  22 

"' 

238 

The  22  hydras  had  a  total  of  238  tentacles  two  weeks  after  the 
splitting  of  the  oral  end.  This  is  an  average  of  10.8  tentacles  for 
each  polj^). 
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The  cut  edges  reunite  in  the  course  of  a  few  hours  after  the 
experiment  is  made,  and  there  is  evidently  a  rapid  growth  of  new 
tissue  in  the  injured  region  during  the  next  few  days.  If  the  opera- 
tion has  been  made  on  a  very  dark  green  polyp,  there  is  sometimes 
found,  for  three  or  four  days  after  the  operation,  a  wedge  shaped 
piece  of  tissue  of  a  much  lighter  green  in  color  in  the  region  where 
the  wound  has  healed.  This  is  doubtless  new  tissue  which  has  been 
formed  as  a  result  of  the  injury  and  its  formation  has,  of  course,  in- 
creased the  volume  of  the  whole  hydra 
as  well  as  the  size  of  the  hypostome,  Fig.  6. 

to  which  facts  the  increase  in  the  num- 
ber of  tentacles  is  probably  to  be  attri- 
buted. The  new  tentacles  which  are 
formed  invariably  come  in  on  the  arc  of 
the  hypostome  where  the  cut  edges  have 
united,  they  do  not  come  in  between 
the  bases  of  the  old  tentacles  (Fig.  5). 

When  the  circle  of  tentacles  (eight  in  number)  was  removed  and 
the  body  split  longitudinally,  the  number  of  tentacles  found  on  the 
bead  of  each  polyp  two  weeks  after  the  cut  edges  had  reunited  is 
shown  bv  the  following  Table. 


Tabl( 

3   X. 

No.  mdiTidoAlB 

No. 

tentM 

ilea  regenerated 

3 

7 

7 

8 

7 

9 

2 

11 

1 



12 

Total    20 

174 

The  20  hydras  have  regenerated  174  tentacles,  14  more  than  the 
total  number  originally  possessed  by  the  polyps  before  the  oral  end 
was  removed.  There  is  also  in  this  case  an  increase  in  the  total 
number  of  tentacles,  but  the  average  increase  per  hydra  is  only  0.7, 
this  being  at  least  2.1  less  than  the  increase  in  the  experiments  re- 
corded in  Table  IX.  This  diflference  is  undoubtedly  to  be  attributed 
to  the  fact  that  the  heads  of  the  hydras  were  cut  off  in  the  latter 
experiments  before  the  longitudinal  cut  was  made,  and  the  amount 
of  new  tissue  formed  in  the  region  of  injury  is  not  sufficient  to  cause 
as  gi'eat  an  increase  in  the  size  of  the  hypostome  as  in  the  former  case. 
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Compariug  the  records  of  Table  VIII  with  those  of  Table  X  it  is 
seen  in  the  former  case  where  two  heads  are  formed  as  a  result 
of  a  longitudinal  splitting  of  the  polyp,  that  there  is  an  average  in- 
crease of  3.4  tentacles  per  hydra  over  the  number  originally  possessed 
by  the  polyp,  while  the  average  gain  is  but  0.7  tentacles  for  each 
hydra  when  the  cut  edges  reunite  to  form  but  one  head.  The  difference 
between  the  two  is  2.7.  The  wounds  healed  in  about  the  same  length 
of  time  in  both  experiments  and  it  does  not  seem  as  if  there  could  be 
a  much  greater  amount  of  new  tissue  formed  in  the  one  case  than  in 
the  other,  so  that  the  cause  of  the  marked  difference  in  the  number 
of  tentacles  regenerated  in  the  two  cases  is  very  difficult  to  determine. 
Hand  has  stated  that  >the  increase  of  the  oral  tentacles  to  an  ab- 
normally large  number  may  be  regarded  as  an  accidental  effect  of  the 
stimulus  which  must  always  be  present  at  this  period«.  As  injuring 
the  hypostome  by  a  removal  of  all  of  the  tentacles  does  not  furnish 
a  sufficient  stimulus  for  the  production  of  more  tentacles  than  were 
removed  it  is  hard  to  see  how  this  explanation  can  apply  in  the  case 
of  any  other  injury  to  the  polyp.  It  certainly  will  not  account  for 
the  marked  increase  in  the  number  of  tentacles  in  the  experiments 
recorded  in  Table  VIII  over  those  in  Table  X,  as  the  operation  was 
the  same  in  both  sets  of  experiments. 

The  number  of  tentacles  normally  possessed  by  Hydra  viridis 
generally  varies  from  six  to  nine.  Individuals  with  ten  tentacles  are 
rarely  found  and  in  all  the  hundreds  of  polyps  examined  in  the  course 
of  these  experiments  I  have  only  found  one  with  as  many  as  eleven 
tentacles.  In  the  last  two  sets  of  experiments  (Tables  IX,  X)  there 
were  found  five  individuals  with  eleven  tentacles,  five  with  twelve 
tentacles,  three  with  thirteen  tentacles,  and  two  with  fourteen  ten- 
tacles. As  this  increase  in  the  number  of  tentacles  has  been  brought 
about  by  a  reunion  of  the  cut  edges  after  the  longitudinal  splitting 
of  the  body  the  question  suggests  itself,  whether  it  will  be  possible 
to  increase  the  number  of  tentacles  still  further  by  this  means. 

The  two  fourteen-tentacled  hydras  were  first  operated  upon  by 
dividing  the  head  longitudinally  so  that  each  part  had  seven  tentacles. 
Two  heads  formed  at  once,  although  no  attempt  was  made  to  keep 
the  cut  edges  separated.  The  same  operation  was  repeated  on  the 
three  thirteen-tentacled  hydras,  and  in  two  cases  double-headed  forms 
were  produced  as  before.  In  the  other  polyp  the  cut  edges  reunited, 
but  no  new  tentacles  appeared.  These  results  show  that  there  is 
a  limit  to  the  growth  of  the  hypostome.     When  this  is  reached  a 
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loDgitndinal  cutting  of  the  oral  end  either  causes  two  heads  to  form  at 
once  or  else  the  cut  edges  reunite  without  any  further  increase  in  the 
size  of  the  hypostome  or  in  the  number  of  tentacles. 

As  observed  by  Rand,  Parke  and  others,  when  a  hydra  has 
regenerated  more  than  nine  tentacles  as  a  result  of  such  an  operation, 
some  of  them  usually  disappear  in  the  course  of  a  few  days,  either 
by  absorption  or  by  a  fusion  of  two  adjacent  tentacles,  until  the 
number  is  again  brought  within  the  limits  of  individual  normal  varia- 
tion. I  have  never  seen  a  decrease  in  the  number  of  tentacles  of  an 
originally  nine-tentacled  hydra  as  long  as  the  polyp  remained  in  good 
condition. 

c.   Double-footed  Hydras. 

Trembley's  experiment  of  splitting  a  hydra  longitudinally  through 
the  aboral  end  was  repeated  by  Marshall  who  states:  »Wenn  wir 
umgekehrt  von  hinten  her  den  Polyp  halb  spalten,  so  vereinigen  sich 
entweder  die  Spaltungsrander  beider  Stttcke  wieder,  oder  sie  schlieBen 
sich  ebenfalls  zu  RQhren,  aber  niemals  entwickeln  sie  am  Ende  Ten- 
takeln  oder  eine  Mund5ffnung.  Nach  einiger  Zeit  l5st  sich  vielmehr 
das  eine  Sttlck  los,  indem  es  sich  langsam  abschnttrt,  so  dass,  wenn 
es  frei  geworden  ist,  sein  vorderer  Pol  geschlossen  erscheint.  Dann 
setzt  es  sich  mit  dem  hinteren  Ende  fest  und  verhUlt  sich  nun  ganz 
wie  ein  durch  einen  Querschnitt  erzieltes  Polypenstttck,  es  treibt 
Tentakeln  und  bekommt  einen  Mund.« 

For  a  comparison  with  the  results  obtained  by  splitting  a  polyp 
through  the  oral  end,  30  hydras  were  also  split  longitudinally  through 
the  aboral  end,  the  cut  extending  in  some  cases  only  a  short  distance 
through  the  body,  in  other  cases  it  reached  very  near  to  the  circle 
of  tentacles.  In  13  of  the  polyps  the  cut  edges  reunited  forming 
normal  hydras,  although  the  same  means  were  used  to  keep  the  cut 
edges  apart  as  in  the  case  of  the  double-headed  hydras.  The  17  in- 
dividuals in  which  the  cut  edge  did  not  reunite,  attached  themselves 
by  both  aboral  ends,  each  having  apparently  developed  a  normal  foot 
in  the  course  of  a  few  hours.  My  own  experiments  confirm  those  of 
Marshall  in  every  respect.  The  time  required  for  one  part  to  con- 
strict off  from  the  other  depends  entirely  on  the  extent  of  the  longi- 
tudinal cut  in  the  beginning  of  the  experiment,  being  but  a  few 
days  in  some  cases,  three  or  four  months  in  others. 

When  the  two  parts  come  to  separate,  the  line  of  division  never 
extends  through  the  middle  of  the  polyp  as  it  seems  to  do  when  the 
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double-headed  forms  separate,  but  the  constriction  always  ocenrs 
where  the  one  part  is  attached  to  the  other.  The  part  which  has 
constricted  off  (invariably  the  smaller  if  the  longitudinal  cat  did  not 
extend  exactly  through  the  middle  of  the  polyp)  has  at  first  no 
hypostome  and  no  tentacles.  These  develop,  however,  in  the  course 
of  a  few  days  and  a  perfectly  normal  hydra  is  formed. 

Gravity  certainly  cannot  be  a  factor  in  causing  the  separation  of 
the  parts  when  the  longitudinal  cut  is  made  through  the  posterior 
end  of  a  polyp.  The  process  of  constricting  off  of  the  smaller  piece 
is  apparently  very  much  like  that  which  takes  place  when  a  bud  is 
pinched  off  from  a  parent  hydra,  only  it  takes  much  longer  in  the 

former  case  than   in  the   latter   for    complete 
^'ig-  6.  separation  to  be  eflFected. 

In  varying  this  experiment,  a  longitudinal 
cut  was  made  through  the  aboral  end  of  the 
polyp  as  before.  On  the  following  day,  one  of 
the  aboral  ends  was  removed  by  a  transverse 
cut  as  in  Fig.  6  ^,  in  the  hope  that  a  head 
might  develop  on  the  exposed  aboral  surface. 
If  the  cut  removed  only  a  small  piece  of  the 
foot,  a  new  foot  invariably  formed  in  the 
course  of  a  few  hours,  if  the  cut  was  made  so 
that  but  a  small  piece  remained  attached  to  the 
body  of  the  polyp  it  did  not  develop  a  foot 
but  became  a  rounded  protuberance  on  the  side  of  the  body  of  the 
hydra  and  was  gradually  resorbed  until  a  perfectly  normal  individual 
was  formed.  A  large  piece  attached  to  the  body  of  a  hydra  thus 
seems  able  to  exert  its  individuality  sufficiently  to  regenerate  the  same 
structure  which  had  been  removed,  a  small  piece  on  the  contrary,  loses 
its  individuality  entirely  and  becomes  merged  into  the  larger  piece. 
In  twenty  other  experiments,  the  head  and  foot  of  each  polyp 
were  removed  and  the  body  then  split  longitudinally  for  a  short 
distance  through  the  aboral  end.  In  all  cases  a  head  regenerated  on 
the  oral  end  and  a  foot  on  each  of  the  exposed  aboral  surfaces.  It 
was  not  found  possible  to  produce  heteromorphosis  by  this  means. 


IV.  Grafting  Experiments  to  Produce  Heteromorphosis. 

The  replaoomeiit  of  jt  part  of  the  body  by  a  part  of  different 
kind  has   been   observed   by   various   investigators  in  many  widely 
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diflferent  groups  of  animals.  Loeb  (6),  Driesch  (2),  Morgan  (11), 
BiCKFORD  (1)  and  Peebles  (14)  have  observed  many  cases  of  hetero- 
morphosis  in  various  species  of  Tubularia;  Morgan  (10)  and  Van 
DuYNE  (18)  have  met  with  the  same  phenomenon  in  Planarians; 
Herbst  (5)  has  found  that  antennae  like  organs  often  develop  when 
the  eyes  of  certain  shrimps  are  removed;  Hazen  (4)  has  described  the 
regeneration  of  a  head  instead  of  a  tail  in  Allolobophora,  and  Mor- 
gan (9)  has  observed  the  regeneration  of  a  tail  in  place  of  a  head  in 
the  same  form;  Wetzel  (19,  20)  and  Peebles  have  obtained  hetero- 
morphosis  in  hydra  as  the  result  of  various  experiments  in  grafting. 

In  all  the  following  experiments  individuals  of  decidedly  different 
shades  of  green  were  united.  It  was  very  easy,  therefore,  to  tell  the 
part  each  kind  of  tissue  played  in  the  subsequent  regeneration  of  new 
structures,  as  the  line  of  union  of  the  components  of  the  graft  re- 
mained visible  for  several  days.  In  the  illustrations  given  the  darker 
green  tissue  is  dotted  in  all  cases  to  distinguish  it  from  the  lighter 
colored  tissue.  The  arrows  at  the  side  of  the  figures  point  in  every 
case  towards  the  anterior  end  of  the  hydra. 

Wetzel's  experiments  gave  some  very  interesting  results  showing 
the  way  that  regulation  to  a  normal  form  is  brought  about  in  various 
grafts,  and  he  was  able  to  produce  one  undoubted  case  of  hetero- 
morphosis.  In  this  graft  the  foot  end  of  two  Hydra  grisea  had  been  cut 
off  and  the  two  aboral  surfaces  united.  After  the  union  was  complete 
the  head  of  one  component  was  cut  off  just  back  of  the  circle  of  tentacles. 
Five  days  after  the  operation  two  small  hook-like  processes  formed 
on  the  exposed  oral  surface.  These  hooks  later  became  changed  in- 
to a  foot  by  which  the  hydra  was  attached.  When  the  polyp  was 
sectioned  some  days  later,  characteristic  gland  cells  were  found  in  the 
foot  region  showing  conclusively  that  a  typical  foot  had  been  produced 
on  the  cut  oral  surface  of  the  hydra. 

Peebles  repeated  the  experiment  on  Hydra  grisea  and  found  in 
but  one  of  fifteen  cases  that  hook-like  processes  appeared  on  the  oral 
surface.  These,  however,  never  developed  into  a  true  foot.  In  another 
series  of  experiments,  Peebles  united  the  oral  surfaces  of  two  polyps 
after  the  removal  of  the  tentacles  and  hypostome.  After  the  two 
pieces  were  firmly  united,  a  transverse  cut  was  made  through  one  of 
the  polyps  close  to  the  line  of  union.  In  five  out  of  twenty-two  cases 
a  head  developed  on  the  exposed  aboral  surface  of  the  smaller  com- 
ponent of  the  graft.  In  the  other  cases  a  new  head,  if  it  formed  at 
all,  was  developed  at  the  line  of  union  of  the  two  parts  of  the  graft. 
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Fig.  7. 


As  far  as  I  know  these  experiments  of  Wetzel  and  Peebles 
give  the  only  anqnestionable  cases  of  heteromorphosis  in  hydra  that 
have  been  recorded. 

On  Jan.  24*^,  the   foot  was  removed   from  20  polyps  and  the 

aboral  surfaces  of  the  hvdra  united.  The  fol- 
lowing  day  one  component  was  cut  oflf  very 
close  to  the  line  of  union  of  the  two  parts  as 
in  Fig.  1  AB.  In  nine  cases  a  head  developed 
on  the  exposed  oral  surface  in  the  course  of  the 
next  few  days  and  the  two  polyps  later  pulled 
apart  and  each  formed  a  normal  hydra.  In  the 
remaining  case,  a  foot  developed  on  the  cut  oral 
surface  by  which  the  polyp  was  attached  to  the 
bottom  of  the  dish.  No  hook-like  processes  were 
formed  previous  to  the  development  of  the  foot 
as  had  been  observed  in  the  similar  experiments 
made  by  Wetzel  and  Peebles.  The  polyp  re- 
sulting from  this  experiment  appeared  to  be  perfectly  normal  and 
lived  for  several  weeks  without  further  change. 

Peebles  united  two  individuals  by  their  oral  ends  after  removing 
the  circle  of  tentacles,  and  then  cut  off  both  components  of  the  graft 

to  see  if  the  development  of  the  new  heads 
would  be  modified  by  the  presence  of  two  ex- 
posed surfaces.  It  is  not  stated  whether  the 
cuts  were  made  near  the  line  of  union  or  not. 
In  all  the  13  experiments  made,  a  new  head 
grew  out  in  the  line  of  union  of  the  two  com- 
ponents. 

On  Jan.  28'^,  the  foot  was  removed  from 
a  light  and  a  dark  green  hydra  and  the  two 
aboral  ends  united.  On  the  following  day  each 
component  was  cut  oflf  close  to  the  line  of  onion 
leaving  both  pieces  as  nearly  as  possible  of 
the  same  size  (Fig.  1  AB^  CD).  The  operation 
resulted  in  the  formation  of  a  small  ring  of  tissue  with  two  exposed 
oral  surfaces.  Both  components  of  the  ring  being  of  the  same  size 
neither  can  be  supposed,  on  account  of  its  greater  volume,  to 
exert  an  influence  on  the  other  part.  Will  each  component  maintain 
its  individuality  and  complete  itself  or  will  the  two  pieces  merge 
their  individuality  and  form  one  perfect  polyp  ?    The  experiment  was 


Fig.  8. 
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made  eigbt  times.  In  every  case  a  normal  hydra  was  formed  from 
the  graft,  a  head  developing  on  one  oral  surface,  a  foot  on  the  other. 
Sometimes  the  head  regenerated  on  the  light  colored  tissue,  some- 
times on  the  dark,  but  in  every  case  the  hypostome  and  all  the  ten- 
tacles were  the  color  of  the  tissue  on 
which  they  were  formed.    In  the  course  ^'^-  ^' 

of  a  few  days,  however,  the  line  of  union 
of  the  two  components  of  the  graft  dis- 
appeared and  the  whole  polyp  became  a 
uniform  shade  of  green.  In  five  other 
cases  where  the  transverse  cats  had  been 
made  about  half  way  between  the  line  of 
nnion  and  the  circle  of  tentacles,  a  head 
developed  on  each  of  the  exposed  oral 
sarfaces  and  the  two  parts  pulled  away 
from  each  other  in  about  ten  days. 

In  the  reverse  of  this  experiment, 
the  heads-  of  two  polyps  were  removed  and  the  oral  ends  grafted 
together,  after  which  each  part  of  the  graft  was  cut  off  close  to 
the  line  of  nnion  leaving  pieces  as  near  the  same  size  as  possible 
(Fig.  8  AB,  CD).  In  each  of  the  eight  experiments  a  normal  hydra 
developed  in  the  coarse 

of  a  week,  a  head  form-  ^^-  ^^' 

ing  on  one  aboral  surface, 
a  foot  on  the  other. 

In  ten  other  experi- 
ments the  parts  were 
grafted  as  before,  bat  the 
transverse  ents  were  made 
some  distance  from  the 
line  of  union.  In  all  these 
cases  tentacles  formed  at 
the  line  of  union  and  sooner 
or  later  thetwo  components 
of  the  graft  separated  and 

became  normal  hydra.  The  behavior  of  the  graft  was  very  unosnal  in 
one  case  and  this  polyp  is,  perhaps,  worthy  of  a  more  detailed  de- 
scription. The  graft  was  made  on  Jan.  29"'.  On  Feb.  1",  four  tentacles 
appeared  at  aboat  equal  distances  aronnd  the  middle  of  the  graft, 
two  of  them  were  light  green,  the  other  two  much  darker  [Fig.  9j. 
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Five  days  later  a  head  developed  at  each  side  of  the  middle  line, 
one  with  six,  the  other  with  fonr  tentacles.  The  line  of  fusion  of 
the  two  parts  of  the  graft  was  still  distinct  and  each  head  was  seen 

Fig.  11. 


to  be  formed  partly  of  dark,  partly  of  light  colored  tissne,  the  ten- 
tacles in  each  case  being  the  color  of  the  tissue  on  which  they  were 
formed  (Fig.  10).  During  the  following  week  the  heads  increased  in 
length,  seemingly  at  the  expense  of  both  of  the  components  of  the 

Fig.  12. 


graft,  as  the  latter  decreased  steadily  in  size  during  this  period 
(Fig.  11).  The  line  of  fusion  of  the  two  parts  of  the  graft  was  no 
longer  visible  on  Feb.  8'^,  the  whole  polyp  being  a  uniform  shade 
of  green.  On  Feb.  12*^,  the  hydra  appeared  as  in  Fig.  12.  Four 
days  later  the  two  parts  separated  in  the  middle  line,  one  hydra 


ObBervations  and  Experiments  on  Regeneration  in  Hydra  viridis.      161 

having  six,  the  other  seven  tentacles.  Each  of  the  two  individuals 
formed  received  some  tissue  from  both  components  of  the  graft, 
instead  of  being  produced  by  a  rearrangement  of  the  tissue  of  one 
component  only  as  was  the  case  in  the  other  polyps  formed  in  this 
set  of  experiments.  The  polarity  of  the  pieces  was  not  reversed 
in  the  formation  of  the  two  individuals  as  the  oral  end  of  each  piece 
r^enerated  into  the  head  of  an  individual  and  the  aboral  end  became 
the  foot.  After  separation,  the  two  polyps  lived  for  nearly  two  months 
showing  that  normal  individuals  had  been  formed  by  the  merging  of 
the  tissues  from  two  individuals  into  one. 

From  the  results  of  the  above  experiments  and  of  those  of  the 
investigators  cited,  it  seems  evident  that  when  two  polyps  are  grafted 
either  by  the  oral  or  the  aboral  ends  and  one  or  both  component 
subsequently  cut  oflF,  that  in  the  great  majority  of  cases  the  parts  of 
the  graft  maintain  their  individuality  and  sooner  or  later  separate 
from  each  other  and  become  perfect  polyps.  If  one  component  of 
the  graft  is  much  larger  than  the  other,  it  may,  in  exceptional  cases, 
so  influence  the  smaller  piece  that  the  latter  loses  its  own  in- 
dividuality and  becomes  merged  into  the  larger  component  the  two 
forming  one  typical  hydra.  When  both  parts  of  the  graft  are  very 
small  and  of  nearly  the  same  size,  neither  of  itself  becomes  a  perfect 
hydra,  but  the  two  pieces  together  form  a  complete  polyp  by  a  per- 
manent fusion  of  their  tissues.  The  size  of  the  components  of  the 
graft  is  thus  apparently  an  important  factor  in  determining  the  end 
result  of  the  experiment,  yet  it  cannot  be  the  only  one  as  is  plainly 
shown  by  the  last  set  of  experiments  described.  All  of  the  ten  ex- 
periments in  the  series  were  made  a^  nearly  as  possible  in  the  same 
^^Yj  7^^  regulation  to  a  normal  form  was  brought  about  in  nine 
cases  by  the  complete  separation  of  the  two  parts  of  the  graft,  each 
becoming  a  typical  hydra.  In  the  one  exceptional  case,  two  polyps 
were  eventually  produced,  but  each  was  formed  of  tissue  from  both 
components  of  the  graft.  Why  in  the  one  graft  the  union  of  the  two 
parts  should  be  much  more  complete  than  in  the  others  of  the  series 
is  not  at  all  clear.  It  is  evident  that  some  other  factor  besides  the  size 
of  the  components  of  the  graft  must  be  at  work  in  the  regeneration. 


V.  Other  Experiments  to  Produce  Heteromorphosis. 

In  experimenting  on  a  tnbularian  hydroid,  Cerianthus  membrana- 
ceufl,  LoEB  found  that  if  a  small  triangular  piece  is  cut  from  the 
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nidis  of  tlw;  \ntiyi*  M  in  Fig.  13  A  BE.  that  a  Dew  head  fonns  at  the 
ffut  nurfatv,  ISK.  In  ^neral,  the  growth  of  the  new  head  takes  place 
umr*:  Ta.{iiA\y  and  Dior«  t<!Dta«:les  are  formed  the  nearer  the  cottiog 
Ut  tbit  oral  (lotf;.  If,  however,  the  cot  is  qnite  near  the  aboral  pole 
the  foniiatiMii  of  a  new  h(;ad  does  not  take  place.  Thinking  it  might 
\m  (KMHtiltle  U)  ohtain  lictcromorphosis  in  hydra  by  the  same  means 
a  trlangnlar  piec^:  waH  cut  from  the  aide  of  20  brdras  [Fig.  13  ABE,. 
Owing  in  the  nintractions  of  the  polyps,  it  was  not  fonnd  possible 
to  r<!rnovo  a  oimilar  ttection  in  all  the  experiments,  so  that  pieces  of 
vurlooM  HizuH  and  from  different  parts  of  the  body  were  removed. 
'I'hii  riMult  wax  the  itume  in  all  cases  however,  the  woond  healed 

FiK.  IH.  Fig.  14. 


<|niokly  without  tlio  formation  of  iiny  new  stmctnre  at  the  place  of 
ii^jiiry. 

Ill  a  modilication  of  this  oxiioriment  an  oblique  cut  was  made 
in  :!0  (Milyjis  iw  showu  in  Fig.  \'A  .V.V.  without  the  removal  of  any 
titit>ut>  whutovtT.  Tho  out  edges  were  kept  separated  for  some  two 
hour»  alter  the  operation  in  the  hope  that  their  reunion  might  be 
prevenlrtl  aitd  »  new  atrneture  develop  at  the  place  of  injniy.  The 
|HViitioi)  of  the  eut  waii  varied  in  diflerent  cases,  sometimes  it  was 
wade  quite  eloiie  to  the  eirele  of  teutaeles,  sometimes  it  was  made 
m^r  ihe  alntral  (Hde.  On  the  day  following  the  operation  the  cnt- 
eilge»  li»d  uniliHl  in  tO  individnaU  and  no  signs  of  the  injary  conld 
l>e  dicttvieil.  In  the  other  ten  (Hilyps  a  $mal1  lateral  piece  projected 
lVi»w  the  IhhIv  of  the  h^vdra.  The  three  smallest  of  these  [neeefl  never 
|utv>d«ef-d  anv   Ieniaeles>  hni  were  gr^duHlly  re$«>rl>ed  into  the  body  of 
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the  hydra  and  a  perfectly  normal  form  was  again  produced  in  the  coarse 
of  ten  days.  In  the  seven  remaining  cases,  a  hypostome  and  several 
tentacles  formed  on  the  smaller  part.  These  heads  never  have  as 
many  tentacles  as  the  original  polyps  as  is  shown  by  the  following 
Table.  This  result  was,  of  course,  to  be  expected  as  the  hypostome 
of  the  new  head  was  always  much  smaller  than  that  of  the  old. 

Table  XL 


No.  indiTidnalf 

No. 

tentacles  on  old  head    No.  tentacles  on  new  head 

1 

10 

8 

1 

8 

7 

2 

8 

6 

1 

7 

6 

1 

7 

5 

1* 

7 

1 

Total 

7 

55 

39 

The  last  case  *  was  rather  an  interesting  one.  The  one  ten- 
tacle produced  by  the  lateral  piece  appeared  three  days  after  the 
operation.  No  hypostome  developed  and  no  more  tentacles  were  ever 
formed,  the  one  tentacle  being  a  prolongation  of  the  end  of  the  lateral 
piece  (Fig.  14).  In  the  course  of  a  week  the  tentacle  dwindled  con- 
siderably in  size  and  finally  disappeared  entirely.  Meanwhile  the 
lateral  piece  became  much  smaller  and  was  finally  resorbed  into  the 
larger  part  and  a  normal  hydra  again  produced. 

In  his  grafting  experiments,  Rand  found  one  case  in  which  a 
graft  developed  a  foot  and  was  later  resorbed.  He  states  >if  the 
graft  bears  tentacles  when  grafted,  or  if  it  regenerates  tentacles  after 
the  operation,  it  is  destined  to  separate  from  the  stock.  If  a  piece 
without  tentacles  is  grafted  and  if  it  does  not  regenerate  tentacles, 
it  is  destined  to  be  resorbed.  It  appears,  then,  that  the  fate  of  the 
graft  depends  upon  its  degree  of  specialization.  An  indifferent  piece 
bearing  none  of  the  oral  or  aboral  organs  of  a  normal  polyp  is  com- 
pletely resorbed  by  the  stock.  A  graft  bearing  a  hypostome  and  ten- 
tacles maintains  its  individuality  and  eventually  becomes  a  free  nor- 
mal polyp.* 

The  above  experiment  which,  perhaps,  is  not  strictly  comparable 
to  the  graft  experiment  made  by  Rand  since  there  is  probably  a 
stronger  union  between  the  parts  of  the  same  individual  than  between 
the  tissues  of  two  dififerent  polyps,  shows  that,  in  exceptional  cases, 
a  piece  can  be  resorbed  even  after  it  has  become  so  specialized  as 
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to  produce  a  tentacle.  Why  resorption  takes  place  in  this  case  and 
not  in  the  other  cases  in  the  same  set  of  experiments  is  not  at  all 
clear  as  the  lateral  piece  in  this  case  was  seemingly  as  large  as  the 
other  ones  which  produced  typical  heads  with  several  tentacles. 

When  heads  were  formed  on  the  lateral  pieces,  they  invariably 
separated  from  the  body  of  the  hydra  in  the  course  of  two  or  three 

weeks  and  became  complete 
^^S'^^-  individuals.       During    this 

time  the  connection  between 
the  two  gradually  decreased 
until,  for  two  or  three  days 
before  the  final  separation, 
the  two  polyps  were  attached 
only  by  a  very  slender  pro- 
longation of  the  foot  which 
later  broke  and  the  two  hv- 
dras  were  set  free. 

When  an  oblique  cut  is 
made  from  near  the  aboral 
pole  of  a  polyp  towards  the 
oral  end  (Fig.  13  PO),  the 
larger  piece  containing  the 
head  regenerates  a  foot  on 
the  cut  aboral  surface  in 
the  course  of  a  few  davs 
and  in  two  or  three  weeks, 
if  the  smaller  piece  can 
maintain  its  individuality 
and  constrict  off  from  the 
larger  part,  the  two  pieces 
separate,  each  forming  a 
normal  hvdra.  If  the  ob- 
lique  cut  is  made  close  to  the  foot  so  that  only  a  very  small  lateral 
piece  is  formed,  the  latter  does  not  constrict  off,  but  is  resorbed  and 
a  tjpical  hydra  produced. 

The  latenil  pieces  produced  by  such  oblique  cuts  behave  strik- 
ingly like  the  lateral  grafts  in  Rand's  experiments.  Small  pieces  in 
lK>th  cases  are  invariably  resorbed,  larger  ones  regenerate  a  head  or 
a  foot  on  the  free  end,  depending  on  which  had  been  removed,  and 
later  the  two  pieces  separate  from  each  other  and  become  complete 


Fig.  1(5. 
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individuals.  There  is,  however,  one  diflference  between  the  lateral 
grafts  and  the  lateral  pieces  produced  by  oblique  cuts.  In  the  former 
case  the  graft  always  migrates  to  the  foot  of  the  stock  whether  it  is 
to  be  resorbed  or  to  be  separated  from  the  stock,  while  in  the  latter 
case  small  pieces  are  resorbed  in  situ,  only  the  larger  ones  appear 
to  migrate  towards  the  foot  of  the  hydra  before  separation  is 
effected. 

In  investigating  the  regeneration  of  hydra  split  longitudinally 
through  the  oral  end,  one  of  the  heads  was  cut  off  of  26  double- 
headed  polyps  as  shown  in  Fig.  15  AB.  The  position  of  the  cut  varied- 
somewhat  in  different  cases.  Sometimes  it  was  close  behind  the  circle 
of  tentacles,  sometimes  it  was  near  the  junction  of  the  two  heads. 
Will  a  head  or  a  foot  develop  on  the  exposed  oral  surface  AB'f 
When  but  a  small  piece  remained  attached  to  the  body  of  the  polyp 
a  new  head  never  developed  on  the  cut  surface,  but  the  piece 
appeared  for  some  time  as  a  knob-like  protuberance  on  the  side  of 
the  polyp  and  was  later  resorbed.  In  all  but  one  of  the  18  cases  in 
which  the  cut  had  been  made  close  behind  the  circle  of  tentacles,  a 
new  head  developed  on  the  cut  surface  in  the  course  of  three  days. 
In  the  one  exceptional  case,  the  wounded  surface  healed  over  but  no 
hypostome  or  tentacles  had  developed  ten  days  after  the  operation. 
The  body  of  the  hydra  was  then  cut  off  as  in  Fig.  15  CD,  The  day 
following  the  operation,  the  cut  edges  had  united  and  the  polyp 
appeared  as  in  Fig.  16.  Four  days  later  the  hydra  had  straightened 
out  to  the  normal  form  and  was  attached  by  a  foot  which  had  deve- 
loped at  the  cut  surface  AB.  The  hydra  lived  for  two  months  without 
undergoing  any  further  change.  The  same  experiment  was  repeated 
later  25  times,  but  no  other  case  of  heteromorphosis  was  obtained, 
the  larger  pieces  invariably  regenerated  a  new  head,  the  smaller  ones 
were  resorbed. 


VI.  The  Grafting  of  a  Number  of  Pieces  of  Hydra  Oriented  in  the  Same 

and  Opposite  Directions. 

Peebles  made  two  grafting  experiments  in  which  pieces  of  three 
different  hydras  were  united  as  shown  in  Fig.  17.  Two  of  the  pieces 
were  oriented  in  the  same  direction,  the  third  was  reversed  so  that 
an  oral  surface  was  exposed  at  each  end  of  the  graft.  The  history 
of  these  polyps  is  as  follows:  »A  few  days  after  the  experiment  the 
polyp  was  attached  at  two  points,   at  the  foot  end  of  (7,   and  the 
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combined  aboral  surfaces  of  A  aud 

B,  the  bodies  off  and  C  forming 
an  arch.  In  one  graft  the  foot  at 
X  soon  freed  itself  and  the  polyp 
took  the  normal  position  indicated 
in  Fig.  17,  In  the  other  the  com- 
ponent A  tore  apart  from  B   and 

C,  a  new  head  formed  at  the  line 
of  union  of  the  oral  sarfaces  of  B 
and  C,  and  these  two  components 
mei^ed  into  one.<  The  fate  ot 
these  polyps  was  not  determined 
as  they  died  in  the  course  of  three 
or  four  weeks.         ,  * 

On  Jan.  22,  the  bead  and 
foot  of  five  hydras  were  cut  ofiF  aod 
the  bodies  were  grafted  together 
as  shown  in  Fig.  18.  The  pieces 
were  all  oriented  in  the  same  di- 
rection except  component  E  which 
was  reversed  so  that  an  oral  sur- 
face was  exposed  at  both  ends  of  the 
graft  ae  in  the  experiments  made 
by  Pebbles.  Will  the  posterior 
component  of  the  graft  be  able  to 
maintain  its  indiridaality  and  re- 
generate a  head  on  the  exposed 
oral  surface  at  For  will  its  polarity 
be  reversed  and  a  foot  develop 
making  one  individual  of  normal 
shape  out  of  the  five  components 
of  the  graft?  As  found  to  be  the 
case  in  many  of  the  grafting  ex- 
periments made  by  Wetzel  and 
Peebles,  the  pieces  did  not  unite 
to  form  a  single  individual.  On 
Jan.  26"',  the  graft  had  developed 
three  heads  (Fig.  19).  One  at  each 
of  the  exposed  oral  surfaces  at  the 
ends  of  the  graft,  and  a  third  at 
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the  line  of  union  of  B  and  C.  The  last  head  was  formed  in  part  of  the 
oral  surface  of  C  and  in  part  of  the  aboral  surface  of  B  and  is,  there- 
fore, a  partial  heteromorphic  production.  On  Jan.  30^^,  a  fourth  head  deve- 
loped at  the  anterior  end  of  component  D  and  two  hook-like  processes 
appeared,  one  at  the  posterior  end  of  J,  the  other  at  the  aboral  end  of  D, 
by  which  the  graft  was  attached  (Fig.  20).  Meanwhile,  although  the  po- 
lyp seemed  to  be  in  good  condition,  it  continually  decreased  it  size.  During 
the  following  week,  the 

heads   grew  consider-  '^' 

ably  in  length  and  the 
number  of  tentacles 
was  increased  so  that 
the  two  end  hea4s  each 
had  eight  tentacles, 
the  third  had  seven 
and  the  last  head  to 
appear  had  six  ten- 
tacles (Fig.  20).  There 
was  no  sign  of  a  con- 
striction in  any  part 
of  the  body  or  of  the 
development  of  a  foot 
during  the  next  few 
days.  On  Feb.  19»^ 
the  two  heads  in  the 
middle  of  the  graft 
had  shifted  their  po- 
sition so  that  they 
were  directly  opposite 
each  other  and  when 

the  polyp  was  expanded  it  appeared  as  a  cross  with  a  head  at 
the  end  of  each  arm.  On  Feb.  23''^,  the  polyp  seemed  much  contracted 
and  two  days  later  it  died. 

On  Jan.  25*^,  five  pieces  of  hydra  were  grafted  together  afl»r  the 
removal  of  the  head  and  foot  of  each  polyp,  all  the  pieces  being 
oriented  in  the  same  direction.  On  Jan.  30*^,  a  head  with  five  ten- 
tacles had  developed  at  one  end  but  no  foot  had  developed  at  the 
aboral  surface  of  the  fifth  component  of  the  graft.  On  Feb.  &\  a 
second  head  had  developed  at  the  anterior  end  of  the  fourth  com- 
ponent (Fig.  21)  and  two  small  hook-like  processes  had  formed  at 
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the  aboral  ends  of  the  Hecond  and  fourth  compoDent,  the  fifth  piece 
of  the  graft  had  not  regenerated  in  any  way.  Daring  the  next  two 
weeks  the  whole  polyp  Bhortened  considerably  and  the  two  heads 
were  mnch  larger  although  no  more  tentacles  had  regenerated.  A  had 
developed  at  the  posterior  end  of  the  first  component  and  was  con- 
stricted off  on  Feb.  12^''.  On  Feb.  SS"",  another  bud  was  given  off 
from  the  same  place.  Meanwhile,  the  fifth  component  had  decreased 
considerably  in  size  without  regenerating  in  any  way  and  it  was 

Fig.  21.  Fip.  22. 


apparently  being  resorbed  into  the  hydra  head  near  it  as  the  latter 
constantly  increased  in  length  (Fig.  22).  On  Feb.  26"',  the  fifth  com- 
ponent had  entirely  disappeared  and  the  two  hydra  heads  were  con- 
nected only  by  a  narrow  strip  of  snbetance  on  which  were  the  two 
hook-like  processes  by  which  the  polyp  was  attached.  On  March  6**, 
the  connection  between  the  two  individnala  was  much  like  that  shown 
in  Fig.  12.  On  March  12'*',  the  two  polyps  separated  forming  two  normal 
individuals  as  each  of  the  small  hook-like  processes  by  which  the 
polyp  had  been  attached  changed  into  a  typical  foot.  The  two  polyps 
were  not  abnonnally  large  when  they  separated,  one  had  eight,  the 
other  seven  tentacles.  They  were  watched  for  three  weeks  after  the 
final  separation  and  no  further  change  noticed  in  them. 


Obserrstiona  and  Experiments  on  Regeneration  in  Hydra  viridifl.      169 

These  two  experiments  show  that  seyeral  pieces  of  hydra  can  be 
grafted  together  so  that  they  will  remain  attached  for  many  weeks 
although  a  permanent  union  of  all  of  the  parte  is  not  possible.  One 
individaal  cannot  be  formed  by  this  me^is,  yet  each  component  of 
the  graft  does  not  maintain  its  own  individnality  snfliciently  to  pro- 
duce a  normal  polyp.  Ab  many  individuals  are  finally  produced  from 
the  graft  as  there  are  beads  formed.  The  new  indiTidnnls  being 
formed  of  parts  of  two,  perhaps  of  three  different  polyps  in  the 
second  experiment.  The  tissues  hare  fnsed  completely  in  these 
cases  so  that  a  permanent  union  is  effected  and  perfectly  normal 
hydras  formed. 


VII.  Oblique  Grafts. 

In  all  the  experiments  made  by  Wetzel  and  Peebles  and  in  nil 
the  preceding  ones  described,  transversely  cut  surfaces  were  united. 
Is  it  possible  to  form  grafts  wheu  the  surfaces  are  out  obliquely  and 
if  80  what  ie  the  fate  of  such  grafts? 

These  experiments  are  somewhat  difficult  to  ^'^-  ^^■ 

make  as  the  edges  of  the  cut  show  a  very 
great  tendency  to  curl  in  at  once  and  it  is  al- 
most impossible  to  get  the  two  surfaces  in  good 
contact.    On  Jan.  18"",  the  head  of  a  light  and    q  g 

of  a  dark  green  polyp  was  cut  off  by  an 
oblique  cut  and  the  two  oral  surfaces  united 
as  in  Fig.  23.  The  following  day  one  piece 
was  cut  off  transversely  quite  close  to  the 
line  of  union  (Fig.  23  OS).  Will  the  individnality  * 

of  the  larger  piece  predominate  as  in  the  case 
of  the    experiments    made    by    Wetzel    and 
Peebles  and  a  head  form  on  the  cut  aboral 
surface?      Twenty    experiments    were    made, 
but  in  only  two  cases  were  the  edges  perfectly  united  so  that  a 
straight  tube  was  formed.     In  one  of  these    polyps   the  exposed 
aboral  surface  healed  over  and  no   new  structure   was  developed 
until  Jan.  26">,  when  two   heads  appeared  as  shown  in  Fig.  24. 
One  hypostome  and  all  of  its  tentacles  was  composed  entirely  of 
the  light  colored  tissue  of  the  smaller  piece,  while  the  other  bead 
was  made  up  of  tissoe  Irom  both  components  of  the  graft  although 
the  light  colored  tissue  predominated  and  but  two  of  the  six  tentacles 
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were  dark.  Whether  this  can  be  called  a  case  of  heteromorphosis  is 
doubtfal.  The  polarity  of  the  light  colored  component  was  not  reversed 
as  the  new  heads  regenerated  from  the  oral  end  of  the  smaller  com- 
ponent and  the  fact  that  two  heads  formed  instead  of  one  shows  that 

Fig.  24.  Fig.  26. 


the  smaller  piece  did  not  lose  its  individuality  but  was  able  to  in- 
fluence the  regeneration  to  a  considerable  extent.  The  two  heads 
gradually  increased  in  size,  the  connection  between  them  decreased 


Fig.  26. 


Fig.  27. 


and  on  Feb.  21«%  final  separation  was  efi*ected  and  two  normal  polyps 
formed. 

In  the  other  case  in  which  perfect  union  of  the  two  pieces  had 
l>een  effected,  a  single  head  formed  on  the  cut  surface,  bnt  it  was 
composed  of  tissue  from  both  components  (Fig.  25).     The  smaller 
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component  lost  its  indiriduality  and  behaved  almost  as  indifferent 
tissue  capable  of  developing  into  any  strnctnre  needed  to  complete  the 
individnal,  as  its  polarity  was  reversed  and  its  sabstance  worked  over 
into  the  new  head.  The  polyp  thus  formed  was  kept  under  observa- 
tion for  two  months  and  showed  no  further  change. 

In  the  other  experiments  in  this  group,  the  cut  edges  of  the  two 
piecra  of  hydra  did  not  fnse  completely.  On  the  day  following  the 
operation  the  graft  appeared*  as  in  Fig.  26.  The  smaller  component 
waa  then  cnt  off  transversely  bo  that  ao  oral  and  an  aboral  surface 
were  exposed  at  the  same  end  of  the  graft.  The  result  was  the  same 
Fig.  28. 


in  all  cases.  A  head  developed  on  the  oral  end  of  the  larger  com- 
ponent (Fig.  36  T).  The  smaller  piece  was  resorbed  without  regener- 
ating a  new  stmctnre  and  a  normal  polyp  was  produced.  In  one 
ease  only  (Fig.  27]  the  smaller  component  took  part  in  the  formation 
of  the  new  head  on  the  oral  surface  as  half  of  the  hypostome  and 
three  of  the  tentacles  were  the  color  of  the  smaller  piece,  the  rest 
were  like  the  la^r  component. 

In  another  set  of  experiments  made  on  Jan.  22°',  two  pieces  of 
hydra  were  united  by  their  oral  ends  as  before,  but  each  component 
of  the  graft  waa  cut  off  transversely  near  the  foot  making  the  two 
parts  as  nearly  as  possible  of  the  same  size  in  order  to  see  whether 
the  two  components  would  so  influence  each  other  that  a  normal  in- 
dividual would  be  produced  or  whether  each  part  would  muntain  its 
own  individuality  and  form  a  complete  polyp.  In  eight  of  the  10  ex- 
periments in  this  set  a  head  appeared  on  one  component  of  the  graft 
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at  the  line  of  onion.  Later  the  other  component  constricted  off  and 
developed  a  hypoetome  and  aereral  teataclea  so  that  a  normal  poljp 
was  formed  from  each  part  of  the  graft. 

In  another  individnal  of  the  set  two  beads  bndded  ont,  one  on 
each  side  of  the  line  of  union  of  the  two  components.  Each  head 
was  formed  partly  of  light,  partly  of  dark  colored  tissne  as  in  the 
case  of  the  transverse  graft  shown  in  Fig.  10.  In  the  course  of  three 
weeks  the  two  heads  separated  and  two  normal  polyps  were  formed. 

In  the  remaining  case  a  nmnbcr  of  tentacles  appeared  at  the  line 
of  nnion  three  days  after  the  operation  (Fig.  28).     On  Jan.  30",  a 


Fig.  sa 
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hypoatome  developed  in  this  region.  The  new  head  pushed  out  at 
one  side  leaving  three  tentacles  below  it  on  the  body  of  the  hydra 
(Fig.  29).  Ab  no  new  Bfractnre  had  developed  on  A  by  Feb.  4"',  the 
distal  end  was  cut  off  in  the  hope  that  a  bead  might  regenerate  on 
the  exposed  aboral  snrface.  The  piece  remaining  attached  to  E  did 
not  regenerate  at  all  but  decreased  in  size  and  was  finally  reaori)ed 
as  were  also  the  snperflnons  tentacles  in  the  middle  of  the  body.  A 
normal  individnal  was  thus  formed  from  the  graft. 

In  a  third  set  of  experiments,  the  aboral  end  of  two  polyps  was 
cut  off  by  a  transverse  cnt  and  the  two  aboral  surfaces  nnited.  After 
union  was  complete,  an  obliqne  cut  was  made  through  both  components 
(Fig.  30  LJIf)  so  that  each  piece  had  at  its  cut  end  part  of  an  oral 
and  part  of  an  aboral  snrface. 

In  three  cases  but  a  very  small  piece  was  left  attached  to  tiie 
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larger  component  and  in  these  cases  the  smaller  pieces  were  resorbed 
and  a  foot  developed  on  the  aboral  end  of  the  other  piece. 

In  one  instance  the  oblique  cut  had  been  made  so  that  a  some- 
what larger  piece  remained  attached  to  component  E.  A  head  with 
five  tentacles  developed  entirely  from  the  darker  green  tissue  of  the 
small  piece  (Fig.  31)  and  later  this  head  pinched  off  and  became  a 
separate  individual. 

The  regeneration  of  these  oblique  grafts  is  very  similar  to  that 
of  transverse  grafts.  It  both  components  of  the  graft  are  of  sufficient 
size,  each  maintains  its  own  individuality  and  forms  a  complete  in- 
dividual. If  one  part  is  much  smaller  than  the  other  it  is  usually 
resorbed  into  the  body  of  the  larger  part  and  a  normal  polyp  pro- 
duced. In  certain  experiments,  both  components  took  part  in  the 
formation  of  a  new  structure  the  union  of  the  tissues  in  this  case 
being  a  permanent  one.  When  a  head  is  formed  of  two  kinds  of 
tissue  each  tissue  regenerates  tentacles  like  itself  and  is  not  influenced 
by  the  other  component  of  the  graft. 


Summary. 

1)  New  polyps  formed  from  the  body  of  a  Hydra  viridis  usually 
regenerate  fewer  tentacles  than  were  removed,  and  the  greater  the 
original  number  of  tentacles  the  greater  the  number  of  tentacles 
regenerated.  Rand  obtained  the  same  result  in  a  similar  set  of 
experiments. 

2)  When  the  head  of  a  hydra  is  cut  off  and  a  small  individual 
formed  from  the  anterior  piece,  there  is  no  decrease  in  the  number 
of  tentacles  to  correspond  with  the  smaller  size  of  the  new  polyp. 

3)  There  is  considerable  individual  variation  in  the  size  of  the 
hypostomes  of  normal  polyps  bearing  the  same  number  of  tentacles ; 
but  in  general,  the  size  of  the  hypostome  is  directly  proportional  to 
the  number  of  tentacles. 

4)  In  polyps  remodelled  from  the  posterior  part  of  Hydra  viridis 
the  size  of  the  hypostome  is  less  than  that  of  the  original  hydra 
and  is  directly  proportional  to  the  number  of  tentacles  born  by  the 
new  individual. 

5)  In  a  polyp  remodelled  from  the  anterior  piece  of  a  Hydra 
viridis,  the  hypostome  decreases  in  size  to  correspond  with  the  size 
of  the  new  individual  although  there  is  no  decrease  in  the  number 
of  tentacles. 


174  Helen  Deaa  Kis^ 

6  Wben  all  the  tentacles  of  a  1^>1}T*  i^i^  cnt  off  ekwe  to  the 
L^j^tst/tme  the  evttiiig  does  not  gife  a  stimalos  to  the  production  of 
^•L  ii>ereased  number  ^f  tentacles,  as  the  same  or  a  smaller  number 
I*:  lentaeles  always  regenerates  after  saoh  an  operation. 

7  Doable-headed  hydras  can  be  pnxiaced  by  a  longitudinal 
sf-iittini:  «>f  the  ^ral  end  of  a  i>*>lyp-  The  total  number  of  tentacles 
vs  the  new  heads  is  always  greater  than  that  of  the  original  number 
vf  teniac!e$.     The  average  inoresise  Wing  5.1  tentacles  per  hydra. 

>  If  the  bead  of  a  |>ol>f»  is  cu:  off  and  the  body  then  split 
IviLzitudinally  tLn:«Ggh  the  oral  end.  the  total  number  of  tentacles 
•>a  the  double-headed  forms  pr>duced  is  greater  than  the  original 
number  of  tenucles  by  an  average  of  3.4  tentacles  per  hydra. 

V*  The  two  p-.^lyps  formed  by  the  longitudinal  splitting  of  the 
vral  end  of  a  hydra  separate  entirely  after  a  time  and  each  becomes 
a  n*.'rmal  individual.  The  amount  of  time  re*iuired  for  separation 
dr{«ends  entirely  up>n  the  extent  of  the  original  cut  Gravitr  is  not 
the  cause  of  this  {<be2omen«>n  as  sei^aration  is  effected  just  as  readily 
when  the  double-he;»ded  JK-Iyji  is  fixed  in  an  inverted  position. 

1>>  When  the  o:::  edpes  unite,  after  a  longitudinal  splitting  of 
the  oral  end  of  a  {••"•lyp.  there  is  always  an  increase  in  the  number 
of  tent:ieles  whether  the  head  is  removed  before  the  longitudinal  cut 
is  made  or  not.  This  increase  is  {^robably  due  to  the  tact  that  a 
ra^id  i:p>wth  of  new  tissue  takes  place  at  the  region  of  injury  so 
thit  :hr  hyp«>siome  is  increased  in  size. 

11  I>>uble-fx»ied  hydras  ear.  r-e  {^r>iuoed  by  a  longitudinal 
si'lhtiij:  of  the  alNinil  end  of  ;*  »I^v-  Ke^nslation  to  a  normal  form 
is  '>r»:-«^h;  ab»>ut  in  such  cases  by  :he  pinching  off  of  one  part  of  the 
iv':yi«  asd  the  development  of  a  head  *>n  iiss  tree  oral  end.  This 
res^  agrees  with  that  obtained  by  Mxkshall  in  similar  e3Eperiments. 

12  When  two  individuals  are  united  by  their  aboral  surCaees 
after  ;be  removal  of  the  foot  ends,  and  one  CK:*mpouent  of  the  graft 
^sto^e^.^iciiilv  cu:  t'ff  close  t*>  the  line  of  union,  a  head  is  us«allv 
rVriLrt  •  :n  the  exposed  oral  surface,  although  4n  excepdooal  cases  a 
:.*>:  develvp'es  s*>  that  a  normal  polyp  is  produced. 

15  WhcL.  rwv  iKilvm  are  inafte*i  tocether  bv  their  aboral  sur- 
:^-es.  after  ihr  resioval  ••!  the  r->:  ends,  and  each  «>MqNHieiit  of  die 
,rrif:  su^<se'.wenilv  out  off  ol<r>e  i*>  the  line  of  union  so  that  both 
o:n:>:'neats  are  prartically  *>i  the  sjkcie  size,  a  head  foims  on  one 
>  ral  sunar?e  ai:d  a  f*>^t  ^^u  the  oiher  s*:*  tba;  a  x^r^mal  individual  is 
:  r^  -i-  :ei      I:  lir  transverse  •:-:?  are  made  >. me  distance  firom  the 
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line  of  union,  a  head  developes  on  each  of  the  exposed  oral  sur- 
faces and  the  two  components  of  the  graft  pull  apart  and  each  be- 
comes a  typical  hydra. 

14)  If  the  heads  of  two  polyps  are  cut  oflf  and  the  exposed  oral 
ends  grafted  together,  each  coraponent  of  the  graft  being  then  cut 
off  close  to  the  line  of  union  so  that  the  two  pieces  are  nearly  of 
the  same  size,  normal  polyps  are  produced  by  the  regeneration  of  a 
head  on  one  aboral  surface  and  the  regeneration  of  a  foot  on  the 
other.  When  the  transverse  cuts  are  made  some  distance  from  the 
line  of  union,  tentacles  always  appear  at  the  middle  of  the  graft  and 
later  two  complete  individuals  are  formed. 

15)  If  a  triangular  piece  is  cut  from  the  side  of  a  hydra,  the 
wound  heals  without  the  formation  of  any  new  structure  at  the  place 
of  injury. 

16)  When  an  oblique  cut  is  made  from  near  the  head  of  a  polyp 
to  the  foot  region,  small  lateral  pieces  are  produced  when  the  cut 
edges  do  not  reunite.  If  these  lateral  pieces  are  small  they  are  re- 
sorbed  and  normal  polyps  again  formed,  if  the  lateral  pieces  are 
large  they  develop  a  head  which  never  has  as  many  tentacles  as  the 
original  hydra,  and  later  the  two  polyps  separate  as  complete  in- 
dividuals. 

17)  When  an  oblique,  cut  is  made  from  near  the  aboral  pole  to- 
wards the  head  the  result  is,  in  general,  the  same  as  in  the  pre- 
ceding case.  Small  pieces  are  resorbed,  larger  ones  regenerate  a 
foot  and  later  constrict  off  as  separate  individuals. 

18)  One  individual  is  not  formed  from  the  parts  of  five  hydras 
grafted  together,  neither  can  each  component  of  such  a  graft  main- 
tain its  individuality  and  form  a  complete  poly^.  Eventually  as  many 
individuals  are  formed  from  the  graft  as  there  are  heads  produced. 

19)  When,  in  the  new  individual,  both  components  of  the  graft 
take  part  in  the  formation  of  the  new  head,  each  kind  of  tissue 
forms  tentacles  like  itself  in  color  and  is  not  influenced  by  the  other 
component  of  the  graft  in  this  respect  at  least. 

20)  When  pieces  of  hydra  are  grafted  together  by  obliquely  cut 
oral  or  aboral  surfaces  and  then  one  or  both  coniponents  cut  across 
transversely,  the  result  is  very  similar  to  that  of  transverse  grafts. 
If  both  components  of  the  graft  are  made  the  same  size,  each  main- 
tains its  own  individuality  and  forms  a  complete  individual.  If  one 
part  is  smaller  than  the  other  the  smaller  one  is  usually  resorbed 
and  a  normal  hydra  produced.    In  some  cases  both  components  of 


174  Helen  Dean  King 

6)  When  all  the  tentacles  of  a  polyp  are  cnt  off  close  to  the 
hypostome  the  catting  does  not  give  a  stimulus  to  the  production  of 
an  increased  number  of  tentacles,  as  the  same  or  a  smaller  number 
of  tentacles  always  regenerates  after  such  an  operation. 

7)  Double-headed  hydras  can  be  produced  by  a  longitudinal 
splitting  of  the  oral  end  of  a  polyp.  The  total  number  of  tentacles 
on  the  new  heads  is  always  greater  than  that  of  the  original  number 
of  tentacles.     The  average  increase  being  5.1  tentacles  per  hydra. 

8)  If  the  head  of  a  polyp  is  cut  off  and  the  body  then  split 
longitudinally  through  the  oral  end,  the  total  number  of  tentacles 
on  the  double-headed  forms  produced  is  greater  than  the  original 
number  of  tentacles  by  an  average  of  3.4  tentacles  per  hydra. 

9)  The  two  polyps  formed  by  the  longitudinal  splitting  of  the 
oral  end  of  a  hydra  separate  entirely  after  a  time  and  each  becomes 
a  normal  individual.  The  amount  of  time  required  for  separation 
depends  entirely  upon  the  extent  of  the  original  cut.  Gravity  is  not 
the  cause  of  this  phenomenon  as  separation  is  effected  just  as  readily 
when  the  double-headed  polyp  is  fixed  in  an  inverted  position. 

10)  When  the  cut  edges  unite,  after  a  longitudinal  splitting  of 
the  oral  end  of  a  polyp,  there  is  always  an  increase  in  the  number 
of  tentacles  whether  the  head  is  removed  before  the  longitudinal  cut 
is  made  or  not.  This  increase  is  probably  due  to  the  fact  that  a 
rapid  growth  of  new  tissue  tjikes  place  at  the  region  of  injury  so 
that  the  hypostome  is  increased  in  size. 

11)  Double-footed  hydras  can  be  produced  by  a  longitudinal 
splitting  of  the  aboral  end  of  a  polyp.  Regulation  to  a  normal  form 
is  brought  about  in  such  cases  by  the  pinching  off  of  one  part  of  the 
polyp  and  the  development  of  a  head  on  its  free  oral  end.  This 
result  agrees  with  that  obtained  by  Marshall  in  similar  experiments. 

12)  When  two  individuals  are  united  by  their  aboral  surfaces 
after  the  removal  of  the  foot  ends,  and  one  component  of  the  graft 
subsequently  cut  off  close  to  the  line  of  union,  a  head  is  usually 
formed  on  the  exposed  oral  surface,  although  4n  exceptional  eases  a 
foot  developes  so  that  a  normal  polyp  is  produced. 

13)  When  two  polyps  are  grafted  together  by  their  aboral  sur- 
faces, after  the  removal  of  the  foot  ends,  and  each  component  of  the 
graft  subsequently  cut  off  close  to  the  line  of  union  so  that  both 
components  are  practically  of  the  same  size,  a  head  forms  ou  one 
oral  surface  and  a  foot  ou  the  other  so  that  a  normal  individual  is 
l^rodueed.    If  the  transverse  cuts  are  made  some  distance  from  the 
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line  of  union,  a  head  developes  on  each  of  the  exposed  oral  sur- 
faces and  the  two  components  of  the  graft  pull  apart  and  each  be- 
comes a  typical  hydra. 

14)  If  the  heads  of  two  polyps  are  cut  oflf  and  the  exposed  oral 
ends  grafted  together,  each  component  of  the  graft  being  then  cut 
oflF  close  to  the  line  of  union  so  that  the  two  pieces  are  nearly  of 
the  same  size,  normal  polyps  are  produced  by  the  regeneration  of  a 
head  on  one  aboral  surface  and  the  regeneration  of  a  foot  on  the 
other.  When  the  transverse  cuts  are  made  some  distance  from  the 
line  of  union,  tentacles  always  appear  at  the  middle  of  the  graft  and 
later  two  complete  individuals  are  formed. 

15)  If  a  triangular  piece  is  cut  from  the  side  of  a  hydra,  the 
wound  heals  without  the  formation  of  any  new  structure  at  the  place 
of  injury. 

16)  When  an  oblique  cut  is  made  from  near  the  head  of  a  polyp 
to  the  foot  region,  small  lateral  pieces  are  produced  when  the  cut 
edges  do  not  reunite.  If  these  lateral  pieces  are  small  they  are  re- 
sorbed  and  normal  polyps  again  formed,  if  the  lateral  pieces  are 
large  they  develop  a  head  which  never  has  as  many  tentacles  as  the 
original  hydra,  and  later  the  two  polyps  separate  as  complete  in- 
dividuals. 

17)  When  an  oblique,  cut  is  made  from  near  the  aboral  pole  to- 
wards the  head  the  result  is,  in  general,  the  same  as  in  the  pre- 
ceding case.  Small  pieces  are  resorbed,  larger  ones  regenerate  a 
foot  and  later  constrict  off  as  separate  individuals. 

18)  One  individual  is  not  formed  from  the  parts  of  five  hydras 
grafted  together,  neither  can  each  component  of  such  a  graft  main- 
tain its  individuality  and  form  a  complete  polj^p.  Eventually  as  many 
individuals  are  formed  from  the  graft  as  there  are  heads  produced. 

19)  When,  in  the  new  individual,  both  components  of  the  graft 
take  part  in  the  formation  of  the  new  head,  each  kind  of  tissue 
forms  tentacles  like  itself  in  color  and  is  not  influenced  by  the  other 
component  of  the  graft  in  this  respect  at  least. 

20)  When  pieces  of  hydra  are  grafted  together  by  obliquely  cut 
oral  or  aboral  surfaces  and  then  one  or  both  components  cut  across 
transversely,  the  result  is  very  similar  to  that  of  transverse  grafts. 
If  both  components  of  the  graft  are  made  the  same  size,  each  main- 
tains its  own  individuality  and  forms  a  complete  individual.  If  one 
part  is  smaller  than  the  other  the  smaller  one  is  usually  resorbed 
and  a  normal  hydra  produced.    In  some  cases  both  components  of 
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6)  When  all  the  tentacles  of  a  polyp  are  cat  off  close  to  the 
hypostome  the  catting  does  not  give  a  stinmlas  to  the  prodaction  of 
an  increased  number  of  tentacles,  as  the  same  or  a  smaller  number 
of  tentacles  always  regenerates  after  such  an  operation. 

7)  Double-headed  hydras  can  be  produced  by  a  longitudinal 
splitting  of  the  oral  end  of  a  polyp.  The  total  number  of  tentacles 
on  the  new  heads  is  always  greater  than  that  of  the  original  number 
of  tentacles.     The  average  increase  being  5.1  tentacles  per  hydra. 

8}  If  the  head  of  a  polyp  is  cut  off  and  the  body  then  split 
longitudinally  through  the  oral  end,  the  total  number  of  tentacles 
on  the  double-headed  forms  produced  is  greater  than  the  original 
number  of  tentacles  by  an  average  of  3.4  tentacles  per  hydra. 

9)  The  two  polyps  formed  by  the  longitudinal  splitting  of  the 
oral  end  of  a  hydra  separate  entirely  after  a  time  and  each  becomes 
a  normal  individual.  The  amount  of  time  required  for  separation 
depends  entirely  upon  the  extent  of  the  original  cut.  Gravity  is  not 
the  cause  of  this  phenomenon  as  separation  is  effected  just  as  readily 
when  the  double-headed  polyp  is  fixed  in  an  inverted  position. 

10)  When  the  cut  edges  unite,  after  a  longitudinal  splitting  of 
the  oral  end  of  a  polyp,  there  is  always  an  increase  in  the  number 
of  tentacles  whether  the  head  is  removed  before  the  longitudinal  cut 
is  made  or  not.  This  increase  is  probably  due  to  the  fact  that  a 
rapid  growth  of  new  tissue  takes  place  at  the  region  of  iiyury  so 
that  the  hypostome  is  increased  in  size. 

11)  Double-footed  hydras  can  be  produced  by  a  longitudinal 
splitting  of  the  aboral  end  of  a  polyp.  Regulation  to  a  normal  form 
is  brought  about  in  such  cases  by  the  pinching  off  of  one  part  of  the 
polyp  and  the  development  of  a  head  on  its  free  oral  end.  This 
result  agrees  with  that  obtained  by  Marshall  in  similar  experiment. 

12)  When  two  individuals  are  united  by  their  aboral  surfaces 
after  the  removal  of  the  foot  ends,  and  one  component  of  the  graft 
subsequently  cut  off  close  to  the  line  of  union,  a  head  is  usually 
formed  on  the  exposed  oral  surface,  although  4n  exceptional  cases  a 
foot  developes  so  that  a  normal  polyp  is  produced. 

13)  When  two  polyps  are  grafted  together  by  their  aboral  sur- 
faces, after  the  removal  of  the  foot  ends,  and  each  component  of  the 
graft  subsequently  cut  off  close  to  the  line  of  union  so  that  both 
components  are  practically  of  the  same  size,  a  head  forms  on  one 
oral  surface  and  a  foot  on  the  other  so  that  a  normal  individual  is 
produced.     If  the  transverse  cuts  are  made  some  distance   from  the 
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line  of  union,  a  head  developes  on  each  of  the  exposed  oral  sur- 
faces and  the  two  components  of  the  graft  pull  apart  and  each  be- 
comes a  typical  hydra. 

14)  If  the  heads  of  two  polyps  are  cut  oflf  and  the  exposed  oral 
ends  grafted  together,  each  coipponent  of  the  graft  being  then  cut 
oflF  close  to  the  line  of  union  so  that  the  two  pieces  are  nearly  of 
the  same  size,  normal  polyps  are  produced  by  the  regeneration  of  a 
head  on  one  aboral  surface  and  the  regeneration  of  a  foot  on  the 
other.  When  the  transverse  cuts  are  made  some  distance  from  the 
line  of  union,  tentacles  always  appear  at  the  middle  of  the  graft  and 
later  two  complete  individuals  are  formed. 

15)  If  a  triangular  piece  is  cut  from  the  side  of  a  hydra,  the 
wound  heals  without  the  formation  of  any  new  structure  at  the  place 
of  injury. 

16)  When  an  oblique  cut  is  made  from  near  the  head  of  a  polyp 
to  the  foot  region,  small  lateral  pieces  are  produced  when  the  cut 
edges  do  not  reunite.  If  these  lateral  pieces  are  small  they  are  re- 
sorbed  and  normal  polyps  again  formed,  if  the  lateral  pieces  are 
large  they  develop  a  head  which  never  has  as  many  tentacles  as  the 
original  hydra,  and  later  the  two  pol}T)S  separate  as  complete  in- 
dividuals. 

17)  When  an  oblique,  cut  is  made  from  near  the  aboral  pole  to- 
wards the  head  the  result  is,  in  general,  the  same  as  in  the  pre- 
ceding case.  Small  pieces  are  resorbed,  larger  ones  regenerate  a 
foot  and  later  constrict  off  as  separate  individuals. 

18)  One  individual  is  not  formed  from  the  parts  of  five  hydras 
grafted  together,  neither  can  each  component  of  such  a  graft  main- 
tain its  individuality  and  form  a  complete  polyp.  Eventually  as  many 
individuals  are  formed  from  the  graft  as  there  are  heads  produced. 

19)  When,  in  the  new  individual,  both  components  of  the  graft 
take  part  in  the  formation  of  the  new  head,  each  kind  of  tissue 
forms  tentacles  like  itself  in  color  and  is  not  influenced  bv  the  other 
component  of  the  graft  in  this  respect  at  least. 

20)  When  pieces  of  hydra  are  grafted  together  by  obliquely  cut 
oral  or  aboral  surfaces  and  then  one  or  both  components  cut  across 
transversely,  the  result  is  very  similar  to  that  of  transverse  grafts. 
If  both  components  of  the  graft  are  made  the  same  size,  each  main- 
tains its  own  individuality  and  forms  a  complete  individual.  If  one 
part  is  smaller  than  the  other  the  smaller  one  is  usually  resorbed 
and  a  normal  hydra  produced.    In  some  cases  both  components  of 
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the  graft  take  part  in  the  formation  of  a  new  structure,  the  union  of 
tissues  in  these  cases  is  a  [termanent  one  and  each  tissue  regenerates 
new  tissue  like  itself. 

Br>-n  Mawr  College,  Bryn  Mawr,  Pa.,  May  &^  1901. 


Zusammenfassung. 

1  Die  vom  Korper  eiuer  Hydra  viridis  neugebUdeten  Polypcn  bekommen 
{rewijhnlich  weniger  Tentakel  wieder  als  entfernt  wurden,  und  je  grOBer  die 
ursprlingliclie  Tentakelzalil  war,  desto  fj^riJCer  ist  die  Zahl  der  regenerirten  Ten- 
takel.   Hand  erhielt  dasselbe  Kesultat  bei  einer  ahnlichen  Versnchsfolge. 

2  Wenn  das  Kopfende  einer  Hydra  abgeschnittcn  ist  nnd  ein  kleines 
Kinzelthier  aus  dem  vorderen  Theilstiick  sich  bildet,  bo  bemerkt  man  keine 
Abnahme  in  der  Tentakelzahl,  etwa  im  Verhaltnis  zur  geringeren  GrOBe  de« 
neuen  Pol}T)en. 

3;  Es  bestehen  betrachtliche  GWiGenschwanknngen  der  Hypostome  bei 
Polypen  mit  derselben  Tentakelanzahl :  im  Allgemeiuen  ist  aber  die  Hypostom- 
frriiCe  direkt  proportional  der  Tentakelanzahl. 

4)  Bei  Polypen  aus  dem  Hintertheil  von  Hydra  viridis,  die  wieder  ihre 
alte  Fonu  gewonnen  haben,  ist  die  HypostomgrijCe  geringer  als  beim  Ausgangs- 
polypen  und  direkt  proportional  der  Tentakelzahl,  die  das  neue  Thier  hervorbringt 

6]  Bei  einem  aus  einem  vorderen  Theilstiick  von  Hydra  viridis  wieder- 
erstandenen  Polypen  nimmt  das  Hypostom,  mit  der  Grr>Ge  des  neuen  Individa- 
ums  in  Beziehung  stehend,  an  Gn'iCe  ab,  obwohl  eine  Verminderung  der  Ten- 
takelzahl nicht  stattfindet. 

6)  Wenn  alle  Tentakel  eines  Polypen  dicht  am  Hypostom  abgeschnitten 
werden,  giebt  der  Schnitt  keinen  Reiz  zur  Bildung  einer  griJCeren  Anzahl  von 
Tentakeln  ab,  da  sich  dieselbe  oder  eine  geringere  Anzahl  von  Tentakeln  nach 
der  Operation  regenerirt. 

1,  Doppelk(5pfige  Hydras  konnen  durch  Liingsspaltung  des  Mundendes 
eines  Polypen  hervorgebracht  werden.  Die  Oesammtzahl  der  Tentakel  mnf  deo 
neuen  KiJpfen  ist  stets  gWiBer  als  die  ursprtingliche  Zahl  der  Tentakel.  Die 
durchschnittliche  Tentakel vennehrung  bei  dieser  Verdoppelung  des  Kopfes  be- 
tragt  5,1  Tentakel  pro  Hydra. 

8.  Schneidet  man  einem  Polypen  den  Kopf  ab  und  spaltet  man  seinen 
Korper  der  Liinge  nach  durch  das  Mundende,  so  ist  die  Gesammtzahl  der  Ten- 
takel an  den  so  entstandenen  1  )oi)pelkopfthieren  durchschnittlich  um  3,4  Ten- 
takel auf  den  Polypen  groBer  als  die  ursprtingliche  Zahl  derselben. 

9j  Die  zwei  durch  Liingsspaltung  des  Mundendes  einer  Hydra  erzeugtei 
Polypen  treunen  sich  nach  einiger  Zcit  vollstiindig  und  jeder  wird 
zu  einem  normalcn  Einzelthier.  Die  erfonlerliche  Zeitdauer  bis  zur  Trennon; 
hiingt  gUnzlich  von  der  Ausdelmung  des  ursprilnglichen  Schnittes  ab.  Dk 
Schwerkraft  ist  nicht  die  Ursache  dieser  Erscheinung,  da  die  Trennong:  ebenso 
gut  erfolgt,  wenn  der  zweikopfige  Polyj)  in  umgekehrter  Lage  fixirt  wird. 

10]  Wenn  sich  die  Schnittriinder  nach  einer  LUngsspaltung  des  Kopfendei 
eines  Polypen  vereinigen,  so  entsteht  immer  eine  VergrOBemng  der  Tentakel- 
zahl, gleichgUltig  ob  der  alte  Kopf  vor  der  Liingsspaltung  entfernt  wurde  oder 
nicht.    Die  Vennehrung  rilhrt  miiglicher  Weise  von  dem  Umstande   her,  daM 
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ein  rapides  GewebBwachsthnm  im  Verletzungsgebiet  Platz  greift,  so  dass  das 
Hypostom  an  GrOGe  znnimmt. 

11)  Hydras  mit  zwei  FUGen  k{>nnen  durch  LUngsspaltung  des  aboralen 
Polypenendes  erzeugt  werden.  Die  RUckkehr  zur  Normalform  kommt  dorch 
Abschniirang  eines  Theils  des  Polypen  and  Entwickelung  eines  Kopfes  an  sei- 
nem  freien  Ende  zu  Stande.  Dieses  Resnltat  stimmt  mit  dem  von  Marshall 
bei  ahnlichen  Versuchen  erhaltenen. 

12}  Vereinigt  man  zwei  Individnen  mit  ihren  aboralen  Oberflachen  nach 
Entfemnng  der  FnBenden  und  schneidet  man  nachtraglich  den  einen  Kompo- 
nenten  dicht  iiber  der  Yereinignngsstelle  ab,  so  bildet  sich  gewOhnlich  ein  Kopf 
an  der  freien  oralen  Oberflache,  wenn  auch  ansnahmsweise  sich  ein  Fu6  ent- 
wickelt  und  somit  ein  normaler  Polyp  entsteht. 

13)  Werden  zwei  Polypen  mit  ihren  aboralen  Seiten  nach  Entfemnng  der 
FuBenden  zusammengeheilt  and  nachtraglich  beide  Komponenten  dicht  am  Yer- 
einignngsniveau  so  abgeschnitten,  dass  beide  so  gut  wie  dieselbe  Gr()6e  er- 
halten,  so  bildet  sich  ein  Kopf  an  der  einen  oralen  Oberflache  und  ein  Fu6  an 
der  anderen,  so  dass  ein  normales  Individuum  entsteht  Werden  die  Quer- 
schnitte  in  einiger  Entfemnng  von  der  Yereinignngsstelle  angelegt,  so  entsteht 
an  jeder  der  freien  Oberflachen  ein  Kopf,  die  beiden  Komponenten  trennen  sich 
und  jeder  wird  zu  einer  typischen  Hydra. 

14)  Wenn  die  K(5pfe  zweier  Polypen  abgeschnitten  und  die  freien  Mund- 
enden  vereinigt  werden,  worauf  jeder  Komponent  unter  Innehaltung  mOglichst 
gleicher  GrlyQe  nahe  an  der  Yereinignngsstelle  abgeschnitten  wird,  so  entstehen 
normale  Polypen  durch  die  Regeneration  eines  Kopfes  an  der  einen  aboralen 
SchnittflSche  und  die  eines  FuGes  an  der  anderen.  Werden  die  Querschnitte  in 
einiger  Entfemnng  von  der  Yereinigungsstelle  angelegt,  so  bilden  sich  stets 
Tentakel  in  der  Mitte  der  Narbe  und  spKter  entstehen  zwei  vollstiindige  Indi- 
vidnen. 

15)  Wird  ein  dreieckiges  StUck  aus  der  Seite  einer  Hydra  geschnitten,  so 
heilt  die  Wunde  ohne  irgendwelche  Neubildung  an  der  Yerletzungsstelle. 

16)  Wird  ein  Schragschnitt  von  nahe  am  Kopf  eines  Polypen  gegen  dessen 
FuGende  hin  gefUhrt,  so  bilden  sich  kleine  seitliche  Stticke  an,  falls  die  Schnitt- 
riinder  sich  nicht  vereinigen.  Sind  diese  seitlichen  Ansatze  nur  klein,  so  werden 
sie  resorbirt  und  es  entstehen  wieder  normale  Polypen,  sind  sie  aber  bedeutend, 
so  bilden  sie  einen  Kopf,  der  aber  niemals  so  viele  Tentakel  hat,  als  die  ur- 
spriingliche  Hydra  und  spater  trennen  sich  die  beiden  Polypen  als  vollstandige 
Einzelthiere. 

17)  Wird  ein  Schragschnitt  vom  aboralen  Ende  her  gegen  den  Kopf  hin 
gefiihrt,  so  ist  das  Resnltat  im  Allgemeinen  dasselbe  als  im  vorigen  Falle. 
Kleine  Nenbildungen  werden  resorbirt,  grOGere  bilden  einen  FuG  und  schniiren 
sich  spater  als  vollstandige  Individnen  ab. 

18)  Aus  den  Theilen  von  fiinf  mit  einander  vereinigten  Hydras  lasst  sich 
nur  ein  Individuum  nicht  bilden.  Es  kann  aber  auch  nicht  jeder  Komponent 
einer  solchen  Yereinigung  seine  Individualitat  bewahren  und  zu  einem  vollstan- 
digen  Individuum  werden.  Eventuell  werden  so  viele  Einzelthiere  von  der  Yer- 
einigung gebildet,  als  sie  Kopfe  hervorbringt. 

19)  Wenn  in  einem  neugebildeten  Individuum  beide  Komponenten  an  der 
Neubildung  des  Kopfes  betheiligt  sind,  so  bildet  jede  Gewebsart  Tentakel, 
welche  ihr  selbst  in  der  Farbe  gleichen  und  ist  wenigstens  in  dieser  Beziehung 
von  dem  anderen  Komponenten  nicht  beeinflusst. 
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20;  Werden  naeh  dcr  Vereinigung  zwcier  am  oralen  oder  aboraten  Ende 
BC'hrag  abgcBchnittener  Hydras  beide  oder  nar  ein  Komponent  quer  abgeschnit- 
ten,  BO  ist  das  Resnltat  sehr  ahnlich  dein  bci  Quervereinigungen.  Werden  beide 
Koinponenten  einander  gleich  geniacht,  so  halt  Jeder  seine  Individnalitat  mnf- 
rccht  nnd  bildet  ein  vollstandiges  Individuum.  1st  die  cine  Halfte  kleiner  als 
die  andere,  so  wird  sie  gewuhnlich  resorbirt  und  es  entsteht  eine  normale  Hydra. 
In  inanchen  Fallen  betheiligen  sieh  beide  Koinponenten  an  einer  Nenbildnng; 
die  Vereinignng  der  Gewebe  ist  diesfalls  eine  danemde  und  jedes  Gewebe  er- 
zengt  neues,  welches  ihm  selbst  ahnlich  ist. 
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Growth  and  Regeneration  in  Planaria  lugubris. 


By 

T.  H.  Morgan. 


With  14  figures  in  text. 


Eingegangen  am  31.  Mai  1901. 

In  my  paper  on  Regeneration  in  Planarians  (1900)  a  number 
of  experiments  were  made  on  a  form  designated  as  Planaria  sp.  ? 
Dr.  Wm.  Woodwobth  has  kindly  indentified  the  species  as  P.  Ingnbris. 
The  present  account  deals  almost  exclusively  with  this  form.  The 
experiments  were  made  from  October  to  March  on  material  collected 
in  the  autumn  in  this  locality,  and  kept  during  the  winter  in  aquaria. 
The  work  was  undertaken  primarily  to  study  the  effect  of  feeding 
and  of  starving  on  regenerating  worms.  A  number  of  other  experi- 
ments were  also  made,  which,  in  the  main,  supplement  and  carry 
further  the  results  of  my  previous  work. 

Since  my  last  paper  appeared,  Bardeen  (1901)  has  published  an 
account  of  some  experiments  on  the  regeneration  of  P.  maculata.  The 
results  of  his  work  that  are  new  deal  more  particularly  with  some 
of  the  internal  changes  that  take  place  during  regeneration.  Bardeen 
states  that  »the  earlier  investigators  discovered  and  pictured  most 
of  the  remarkable  phenomena  of  regeneration  in  the  planarian  that 
have  been  described  by  more  recent  researches «.  It  may  appear  from 
this  that  the  recent  work  of  Van  Ddyne,  Randolph,  Voigt,  Lemon 
and  myself  has  only  confirmed  the  results  of  the  older  experiments^ 
bat  I  venture  to  suggest  that  something  has  been  added  that  was 
not  known  before.  It  may  not  be,  therefore,  out  of  place  to  state 
here  concisely  the  relation  of  the  newer  to  the  older  work. 

Van  Dutne's  experiment  of  producing  two  heads  and  two  tails 
by  splitting 'the  worms  partially  into  two  pieces  was  carried  out  by 

12* 


180  T.  H.  Morgan 

Faraday  in  1832,  who  obtained  in  this  way  a  two-headed  form. 
A  wonn  with  four  or  five  heads  was  obtained  by  Van  Duyne  that 
» probably  were  from  catting  the  original  animal  in  the  longitudinal 
line«.  The  three  cases  of  heteromorphosis  described  by  Van  Duyne, 
and  represented  in  his  Figs.  3,  4,  5,  have  probably  a  different  inter- 
pretation, for  although  the  heads  arose  at  the  side,  even  when  an 
old  head  was  already-  present,  yet  this  is  a  different  process  from 
the  classical  cases  of  heteromorphosis  discovered  by  Loeb  in  Tubu- 
laria,  etc.,  or  that  of  Bonnet's  in  Lumbriculus  cited  by  Loeb.  It 
is  probable  in  the  light  of  more  recent  discoveries  that  several 
distinct  kinds  of  heteromorphosis  exist  in  some  of  which  the  polarity 
is  reversed,  as  in  the  first  cases  described  by  Loeb,  in  others  not, 
as  in  the  case  of  an  antenna  in  place  of  an  eye,  and  still  other 
so-called  cases  cases  of  heteromorphosis  may  be  quite  different 
phenomena.  This  is  illustrated  in  one  of  Van  Duyne's  experiments 
referred  to  above  (Fig.  3),  in  which,  when  the  worm  is  almost  com- 
pletely split  in  two,  new  heads  appear  in  the  anterior  angle  be- 
tween the  halves.  These  heads  belong,  as  I  have  tried  to  show,  to 
the  anterior  end  of  the  new  tissue  along  the  side;  and  have  the 
same  orientation  as  the  rest  of  that  side,  that  is,  they  appear  at  the 
anterior  end  of  a  piece  incompletely  cut  in  two.  They  are,  there- 
fore, not  cases  of  heteromorphosis  like  those  of  Tubularia,  Antennu- 
laria,  Lumbriculus,  etc.  On  the  other  hand  we  have  a  case  of  tme 
heteromorphosis  when  another  head  develops  on  the  posterior  ^id  of 
a  head-pieoe  of  P.  lugubris.  If,  therefore,  on  the  same  worm  we 
find  a  case  of  true  heteromorphosis  we  only  create  confusion,  if  we 
attempt  to  extend  the  term  to  include  a  different  phenomenon. 

Randolph  ('97)  showed  more  precisely  than  had  been  done  before 
the  mode  of  regeneration  of  pieces  from  different  parts  of  the  body 
of  Planaria  maculata,  and  of  pieces  of  different  shapes.  The  result 
of  special  interest  that  is  recorded  by  Randolph  is  that  longitudinal 
pieces,  that  represent  half,  or  more  than  half  of  the  body,  replace 
during  regeneration  as  much  as  is  missing;  while  pieces  less  than  half 
the  breadth  of  the  old  worm  do  not  replace  the  missing  part,  but 
produce  at  the  side  as  much  new  tissue  as  corresponds  to  their  own 
breadth.  It  was  also  shown  that  worms  with  two  pharynges  could 
be  made  by  splitting  the  anterior  end  in  half  as  far  back  as,  and 
into  the  region  of  the  old  pharynx. 

My  first  paper  in  '98  included  the  following  results  that  were, 
I  i»olievo.  new.     1 '  Cross  pieces  of  P.  maculata  change  their  form  in 
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producing  new  wormB;  a  cross-piece  becomes  longer  and  narrower 
in  the  new  worm^  i.  e.,  a  part  of  the  change  takes  place  fn  the  old 
tissne  (morphallaxis)^).  2)  That  if  the  head  is  cut  off  it  decreases 
in  size  as  the  new,  smaller  worm  is  formed,  until  it  has  reached  a 
proportionate  size.  3)  That  there  is  a  minimal  size  below  which 
pieces  do  not  regenerate.  I  estimated  this  size  as  about  Vioo  of  the 
worm.  4)  That  in  triangular  pieces,  with  the  long  end  of  the  right- 
angle  triahgle  forward  the  new  head  (the  region  of  most  rapid  growth) 
arises  at  the  side  of  the  anterior  end,  although  the  old  tissue  is  less  in 
amount  there  than  at  any  other  point  of  the  cut-surface.  This  shows 
that  the  rate  of  growth  does  not  depend  on  the  amount  of  old  tissue 
from  which  a  new  part  arises.  5)  That  narrow  pieces  from  the  side 
often  produce  a  head  at  right  angles  to  the  cut-surface,  using  up  all  the 
new  material  there  present  to  form  the  new  head.  6)  That  a  new  head 
is  not  formed  in  the  old  tissue  if  the  anterior  end  is  closed  by  the  meet- 
ing and  fiusing  of  the  old  tissue.  7)  That  in  P.  maculata  the  new  pha- 
rynx develops,  in  posterior  pieces,  in  the  old  tissue.  8)  That  if  cross- 
pieces  are  taken  from  different  levels  the  new  pharynx  appears  at  the 
posterior  end  of  pieces  taken  anterior  to  the  old  pharynx;  in  the  iniddle 
of  pieces  taken  through  the  old  pharyngeal  region ;  and  in  the  more 
anterior  end  of  the  old  tissue  of  pieces  posterior  to  the  old  pharynx. 

VoiGT  ('99)  showed  that  if  the  anterior  end  of  a  planarian  is 
split  in  two  as  far  back  as  the  Region  behind  the  pharynx,  and  then 
one  half  be  partially  cut  off  transversely  from  the  inside,  that  a  new 
tail  develops  at  the  posterior  part  of  the  latter  half,  where  the  cross- 
cut joins  the  longitudinal  one.  Yoigt  repeated  an  experiment  of 
Daltell's,  and  obtained,  by  making:  an  oblique  cut  in  the  side  of 
the  worm,  a  new  head  at  the  side,  if  the  cut  was  directed  posteriorly, 
and  a  new  tail  if  the  cut  w^s  made  anteriorly.  In  Polycelis  he 
fonnd  that  if,  after  the  oblique  cut  had  been  made,  and  regeneration 
had  begun,  the  piece  then  re-united  with  the  body,  a  row  of  eye- 
spots  appeared  along  the  line  of  union. 

Lemon  C99)  showed  that  narrow  strips  partially  cut  from  the 
side  of  the  planarian,  or  from  the  inside  of  a  longitudinal  cut,  pro- 
duce a  new  head  and  even  a  new  pharynx.  The  new  part  often 
turns  backwards,  and  resembles  a  heteromorphic  formation.  These 
he  calls  buds,   or  cases  of  pseudoheteromorphosis.    The  experiment 


<)  The  word  should  be  spelled  as  above,  and  not  morpholaxis  as  I  have 
need  it  before.    The  word  is  from  the  two  words  /noQtpi^  and  ^XXanio. 
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IB  ])ractically  the  same  as  that  of  Voigt.  Certain  results  are  given 
to  show  that  an  injury  to  one  part  of  the  body  produces  an  abnor- 
mality, an  additional  eye,  in  another  part.  Randolph  had  obtained 
a  similar  result. 

In  my  papers  on  Bipalium  (1900)  and  on  Regeneration  in  Plana- 
rians  (1900)  the  following  points  were  established:  1)  That  in  longi- 
tudinal pieces  less  than  half  the  width  of  the  old  worm  the  new 
tissue  increases  at  the  side  until  it  is  equal  to  the  old,  as  Randolph 
had  shown,  but  further  that  if  the  worm  is  not  fed  the  old  part 
decreases  as  the  new  part  increaBes,  so  that  the  width  of  both  new 
and  old  remains  about  the  same  as  that  of  the  piece  when  first 
removed.  If  the  piece  is  fed,  the  old  part  does  not  decrease  in  width, 
but  remains  about  the  same  as  at  first,  and  may  subsequently  enlarge 
as  the  new  worm  grows  bigger.  2)  That  in  a  piece  with  an  anterior 
oblique  surface  the  new  head  arises  at  the  most  anterior  part  of  the 
oblique  edge,  that  is  at  the  side  of  the  piece.  Similarly  the  tail 
arises  from  the  most  posterior  part  of  a  posterior  oblique  surface. 
3)  That  if,  after  removing  the  head,  an  oblong  piece  is  cut  from  the 
middle  of  the  body,  one,  or  two  new  heads  develop  at  the  remaining 
anterior  cut-surface,  the  number  depending  upon  the  .extent  to  whioh 
the  sides  have  fused.  In  other  words  the  new  material  at  the  cat-edge 
is  at  first  totipotent,  and  whether  it  forms  one,  or  two  heads  dep^ds 
on  whether  it  is  continuous  or  not  from  side  to  side.  4)  That  if  at 
two  levels  two  half  cut- surfaces  are  exposed  a  head  develops  only 
on  the  more  anterior;  the  two  half-surfaces  being  connected  by  a  line 
of  new  tissue.  5)  That  if  a  double -tailed  form  has  one  tail  cut 
ofif  near  to  the  body  a  new  tail  does  not  develop,  but  if  cut  off 
further  from  the  body  a  new  tail  develops.  6)  That  if  the  head  of 
P.  lugubris  is  cut  off  just  behind  the  eyes  a  new  heteromorphic  head 
is  produced  at  the  cut-edge.  7)  Experimental  evidence  was  given  to 
show  that  in  Bipalium  elongation  in  the  old  part  of  a  cros»-piece  is 
the  main-factor  in  the  production  of  the  new  worm.  8)  That  if  a 
worm  is  cut  in  two  lengthwise  from  the  posterior  end,  as  fSEur  forward  as 
the  region  between  the  eyes,  each  half  may  produce  a  half-head 
on  the  inner  side.  9)  That  if  after  the  formation  of  new  material  at  the 
anterior  and  posterior  ends  of  a  cross-piece  the  piece  is  split  longi- 
tudinally into  halves,  the  new  half-material  may  produce  a  half-head, 
that  later  completes  itself  at  the  side.  If  the  same  operation  is  carried 
out  on  a  less  advanced  piece,  each  piece  produces  at  first  a  whole 
head  out  of  the  new  material.   The  most  natural  interpretation  of  this 
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result  is  that  the  new  material  is  at  first  totipotent  and  more  or  less 
indifferent,  but  soon  becomes  predisposed  in  a  definite  direction. 

Bardeen  has  confirmed  the  following  results.  1)  The  lateral  posi- 
tion of  a  head  and  tail  on  oblique  pieces.  2]  The  elongation  of  the  old 
part  to  form  a  new  worm  (morphallaxis).  3)  The  development  of  a 
heteromorphic  head.  4)  The  formation  of  one,  or  two  heads  in  the 
anterior  angle  of  a  partially  divided  worm  5)  The  lack  of  power  of 
pieces  cut  off  in  front  of  the  eyes  to  regenerate.  6)  The  develop- 
ment of  two  heads  by  splitting  the  anterior  end.  7)  The  development 
of  a  lateral  head  from  an  oblique  cut  in  the  side.  The  new  points 
that  Bardeen  has  made  out  are :  1)  The  fusion  of  the  branches  of 
the  digestive  tract  to  locate  the  region  of  the  formation  of  the  pha- 
rynx. 2)  The  formation  of  the  new  nervous  system  as  an  outgrowth 
from  the  old  one.  Bardeen  has  described  also  at  some  length  some 
of  the  processes  of  motion,  feeding^),  sensation,  etc.  in  planarians. 

In  regard  to  the  formation  of  the  new  nervous  system  I  have 
seen  some  evidence  in  Bipalium  and  also  in  Planaria  lugubris  to 
show  that  the  new  nerves  and  brain  may  arise  from  the  general 
mesenchyme,  as  described  by  Flexner  ('98).  It  is  a  difficult  point 
to  decide,  but  there  are  certainly  indications  of  there  being  new 
cells  added  to  the  new  nervous  system  that  have  not  come  directly 
from  the  old  ones.  I  am  inclined  to  think  also  that  in  certain  cases 
the  tissue  that  is  to  form  the  new  pharynx  appears  before  any  such 
central  sac,  as  that  described  by  Bardeen,  has  been  formed  in  the 
digestive  tract.  Bardeen's  view  that  this  central  sac  is  a  center 
from  which  the  influences,  that  go  to  produce  the  anterior  structures, 
radiate,  is  in  my  opinion  far  too  naive  a  view  to  account  for  the  results, 
and,  moreover,  the  development  of  the  lateral  head  in  an  oblique 
piece  like  that  shown  here  in  Fig.  10  makes  this  view  improbable. 
In  this  case  the  new  head  had  developed  at  the  side  in  a  region 
where  there  were  present  only  isolated  pieces  of  the  digestive  tract. 
Later  when  the  branches  from  the  two  sides  had  united,  and  a  com- 
munication with  the  pharynx  had  appeared  this  region  lay  far  removed 
from  the  new  head.  Bardeen's  view  that  the  lack  of  develop- 
ment of  pieces  cut  off  in  front  of  the  eyes  is  due  to  the  absence  of 
a  part  of  the  old  digestive  tract  is  very  probably  correct,  although 

^  Bardeen'b  statement  that  P.  maculata  does  not  respond  to  the  presence 
of  food  In  its  vicinity  unless  the  food  is  brought  in  contact  with  the  worm  is 
undoubtedly  wrong,  as  the  worm  responds  freely  to  certain  kinds  of  food  —  a 
piece  of  a  fly,  for  instance,  —  that  may  be  far  away  from  the  worm. 
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it  may  as  well  be  true  that  it  may  be  due  to  the  part  of  ttie  digestive 
tract  that  is  left  being  too  small  to  produce  a  new  one. 


Heteromorphosis  in  Planaria  lugubris. 

When  the  head  is  cut  off  just  behind  the  eyes  another  head 
often  develops  on  the  posterior  end  of  the  old  head,  Fig.  1  -4,  a,  as 
I  have  shown  in  my  last  paper.  I  repeated  this  operation  a  very 
large  number  of  times  in  the  hope  of  discovering  what  special  con- 
ditions lead  to  the  result  Many  of  the  pieces  die,  especially  if  the 
water  is  not  perfectly  clean.  In  a  few,  very  successful  cases  however 
nearly  50  per.  cent,  of  the  pieces  produced  another  head.  The  other 
pieces  died,  or  failed  to  regenerate  at  all,  or  made  a  new  tail.    The 

latter  result  takes  place  when  the  piece 
^S- 1-  is  cut  off  too  far  posteriorly,  Pig.  2  a. 

It  seemed  to  me  that  the  formatioii 
of  a  posterior  head  might  be  due  to  the 
cut  passing  through  the  old  brain.  I 
made  sections  of  several  pieces  just  after 
removal,  and  also  of  some  of  the  fully 
formed  amphicephalic  pieces  to  test  this 
a  e  view.    It  was  found  that  the  pieces  had 

been  cut  off  behind  the  region  of  the  brain, 
ahd  that  when  the  new  head  had  developed  the  two  nerve-cords  from 
the  old  brain  were  continuous  with  two  cords  that  came  from  the  brain 
in  the  new  part.  In  other  words,  the  result  is  not  due  to  the  out  pass- 
ing through  the  old  brain.  The  sections  were  also  examined  to  see 
if  the  pieces  contained  any  of  the  old  digestive  tract.  In  this  plana- 
xian  the  branches  of  the  digestive  tract  extend  almost  to  the.eyes^  and 
a  dingle  median  branch  extends  forward  between  the  eyes.  It  seemed 
possible  that  this  median  tube,  if  in  the  head-piece  at  the  time  of 
its  removal,  might  be  lost  by  being  forced  out  of  the  cut-surface. 
The  absence  of  a  part  of  the  digestive  tract  might  at  least  account  for 
the  failure  of  the  new  tissue  to  produce  a  new  tail,  and  some  other 
factor  might  then  determine  that  the  new  part  produces  a  head.  The 
sections  showed,  however,  that  in  all  cases  a  part  of  the  old  digestive 
tract  was  present  and  in  some  cases  occupied  a  large  part  of  the 
middle  of  the  interior  of  the  piece.  The  result,  therefore,  is  not 
connected  with  the  loss  of  the  part  of  the  old  digestive  tract,  and 
the  cause  of  the  phenemenon  remains  as  great  an  enigma  as  before. 
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We  can  only  ascribe  it  vaguely  to  some  kind  of  influence  of  the 
old  head-tissues  on  the  new  part,  or  else  to  the  kind  of  cells  of 
which  the  new  part  is  composed. 

Several  of  these  double  headed  pieces  were  kept  as  long  as 
twenty-three  days  in  order  to  see  if  a  pharynx  might  develop  be- 
tween the  two  heads,  but  this  did  not  take  place. 

In  a  number  of  cases  the  double-headed  pieces  were  cut  in  two 
in  the  middle  by  a  cross-cut  as  shown  in  Fig.  1  6,  x-^x^  in  order  to 
see  if  either  piece  would  produce  a  new  tail,  or  another  head,  but 
the  pieces  died  without  regenerating  again.  A  few  pieces  were  cut 
in  two  longitudinally  as  shown  in  Pig.  1  c,  x — x,  I  wished  to  find  out 
if  the  double  half-pieces  would  regenerate  laterally,  and  if  so,  whether 
the  halves  would  complete  themselves,  or  possibly  produce  a  new 
third  head  at  right-angles  to  the  two  half-heads.  The  pieces  closed 
in,  and  in  doing  so  brought  the  half-heads  more,  or  less  in  contact 
at  the  cut-sides.  Most  of  the  pieces  failed  to  make  any  new  tissue, 
or  made  only  a  little  wedge-shaped  piece,  in  which,  in  one  or  two 
cases,  a  rudimentary  eye  developed. 

In  my  previous  work  on  this  form  I  had  found  several  times, 
that  when  a  small  piece  was  cut  from  the  tail-end  a  pointed,  new 
part  appeared,  that  did  not  become  a  head.  It  seemed  possible 
that  this  might  be  a  heteromorphic  tail.  I  did  not  publish  this  result 
because,  in  the  absence  of  any  specifically  characteristic  structure  in 
the  part,  I  could  not  determine  whether  the  new  growth  was  really 
a  tail,  or  only  an  undeveloped  head.  A  repetition  of  this  experi- 
ment shows  that  the  structure  is  an  undeveloped  head.  In  this  worm 
it  is  usual  for  the  tail-pieces  to  regenerate  a  long,  anterior  new  part 
before  the  eyes  appear  —  as  shown  in  Fig  7  e.  If  the  piece  is  small 
^  that  an  insufficient  amount  of  new  material  is  formed,  the  new  part 
does  not  reach  a  size  sufficient  to  produce  a  head,  hence  the  appear- 
ance of  a  two-tailed  piece. 

A  large  number  of  very  narrow  cross-pieces  were  cut  off  just 
behind  the  head  in  order  to  see  if  two  heads  would  develop  from 
such  pieces,  but  I  never  found  this  to  occur. 


The  Formation  of  a  Sexually  Mature  Wornr  from  a  Piece  without 

Reproductive  Organs. 

It  has  been  stated  that  many  of  the  pieces  cut  off  just  behind 
the  eyes  produce  a  new  tail.    These  head-pieces  have  been  cut  off 
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Fig.  2. 
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gome  distance  in  front  of  the  ovaries,  that  lie  in  the  anterior  third 
of  the  body.  By  feeding  the  pieces,  I  succeeded,  after  a  number  of 
failures,  dne  to  death  and  disease  in  the  pieces,  in 
bringing  a  few  to  the  average  size  as  shovm  in  Fig.  2  ^  a,  6, 
and  later  to  fall  grown  worms.  These  worms  developed 
in  the  course  of  several  months.  They  had  each  a  repro- 
ductive pore  which  could  be  seen  on  the  ventral  surface. 
One  was  killed,  and  cut  into  sections.  A  study  of  the 
latter  showed  that  the  worm  was  normal  in  every  respect, 
and  that  the  reproductive  organs  including  the  ovaries 
were  fully  developed.  The  other  worms  laid  eggs.  Sinc^ 
the  pieces,  came  from  a  part  of  the  body  some  distance 
in  front  of  the  region  of  the  old  reproductive  organs 
the  result  shows  that  new  germ-cells  can  develop  from 
the  somatic  tissues,  or  at  least  from  cells  not  included 
in  the  old  reproductive  organs. 
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Method  of  Regeneration  of  Cross-Pieces  from  the  Anterior,  Middle  and 
Posterior  Parts  of  the  Body  of  Planaria  lugubris. 

It  has  been  sho^vn  in  preceding  papers  that  the  position  of  the 
new  pharynx  in  cross-pieces  is  connected  with  the  part  of  the  body 
from  which  the  piece  has  been  taken.  I  had  often  observed  that 
the  amount  of  new  tissue  produced  by  the  anterior  and  posterior  cut- 
surfaces,  as  well  as  the  extent  of  elongation  of  the  old  part,  is  also 
connected  with  the  region  of  the  body  from  which  the  piece  has 
come.  In  Planaria  roaculata,  and  in  Bipalium,  the  elongation,  that 
takes  place  in  the  old  part,  appears  to  correspond  to  this  general 
law.  In  Planaria  lugubris  the  elongation  of  the  old  part  does  not 
take  place  to  anything  like  the  same  extent,  and  the  change  is 
more  largely  due  to  the  development  of  new  tissue  at  the  cnt-end& 
If  we  compare  the  development  of  a  narrow  cross-piece  of  P.  lugubris 
from  the  region  just  behind  the  head.  Fig.  3  A^  with  the  regeneration 
of  a  similar  piece  from  the  middle  of  the  body  Fig.  3,  JB,  and  with 
one  from  the  posterior  part.  Fig.  3  C,  we  find  important  differences 
take  place  in  the  regeneration  of  the  pieces.  The  anterior  piece, 
-4,  produces  little  more  than  a  new  head  at  its  anterior  end,  Fig.  3 
J,  r/,  and  the  new  head  is  not  carried  further  forward  by  the 
flub8e(|ueut  growth  of  new  material  behind  it.  Fig.  A^  b.  The  same 
piece  produces  at  its  posterior  end  a  new  tail,  containing  a  pharynx, 
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and  if  the  piece  is  fed  this  new  part  continneg  to  grow  longer, 
carrying  the  pharynx  more  posteriorly  nntil  an  eqnilibrinm  is  reached 
between  the  new  and  the  old  parts,  pins  the  new  head.  After  this 
the  entire  piece  will  grow  larger  if  the  feeding  is  continaed.  If 
the  new  worm  is  not  fed  the  tail  grows  longer,  but  more  slowly, 
and  the  old  part  continaes  to  get  narrower  from  side  to  side. 
The  process  goes  on  nntil  the  typical  proportions  of  the  parts  are 
attained,   that  is  nntil  the  new  pharynx  has  been  carried  to  its 

Fig.  3. 
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proportionate  distance  behind  the  head.    If  the  piece  is  now  fed  it 
will  enlarge  at  a  proportionate  rate  in  all  its  parts. 

The  middle  piece,  J?,  produces  a  new  head  at  the  anterior  end. 
A  new  tail  appears  at  the  posterior  end,  and  a  new  pharynx  appears 
in  the  middle  of  the  old  part  in  the  old  pharyngeal  chamber^).  The 
new  parts  at  the  two  ends  grow  longer  at  about  an  equal  rate;  the 
bead  being  carried  forward  as  the  result  of  new  tissue  appearing 
behind  it  I  have  not  made  out  where  the  region  of  growth  lies  in 
the  posterior  part,  but  to  judge  from  what  happens  in  the  more 
anterior  pieces,  where  the  pharynx  is  carried  backwards  by  growth 
in  front  of  it,  it  seems  probable  that  the  new  growth  in  this  case 

<)  The  middle  piece  shown  in  the  figure  did  not  produce  a  new  head  at 
the  anterior  end,  although  as  shown  in  Figs.  Ba  and  Bh,  much  new  tissue 
developed.  The  pointed  anterior  end  appears  in  this  case  to  represent  an  un- 
developed head  and  not  a  heteromorphic  tail. 
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also  is  near  the  base  of  the  tail,  or  throughout  the  entire  new  part 
If  the  piece  is  fed  the. two  new  ends  grow  rapidly,  and  tbe  middle 
part  remains  about  the  size  it  had  been  reduced  to  as  a  result  of 
the  first  formation  of  new  material  at  the  two  ends,  or  it  may  grow 
larger.  If  the  piece  is  starved  the  old  part  is  further  reduced  id 
size   until   an  equilibrium  is  established.     A  smaller  worm  results. 

The  posterior  cross-piece,  C,  produces  a  bead  at  the  anterior 
end,  although  it  is  very  noticeable  in  this  form  (but  not  in  P. 
maculata),  that  more  new  material  appears  before  the  head  differentiates 
(and  there  is  a  delay  of  several  days),  as  compared  with  the 
development  of  more  anterior  regions.  A  short  tail  appears  at  the 
posterior  end  of  the  piece.  A  new  pharynx  appears  just  behind  the 
head  in  the  new  part  where  the  new  and  the  old  parts  are 
continuous.  It  lies,  at  first,  almost  in  the  new  head.  New  tissue 
continues  to  develop  in  the  anterior  part,  and  as  this  growth  takes 
place  mainly  between  the  head  and  the  pharynx  the  former  is  carried 
further  forwards.  If  the  worm  is  not  fed,  the  old  part  decreases, 
especially  in  breadth,  as  the  new  part  develops.  If  the  piece  is  fed, 
the  new  parts  grow  faster,  and  the  old  part  loses  less,  or  may 
remain  the  same  size. 

These  results  show  that  cross-pieces  from  different  parts  of  the 
body  regenerate  in  different  ways.  The  old  piece  acts  as  a  barrier, 
and  holds  the  same  relative  position  in  the  new  worm  that  it  held 
in  the  old.  The  nature  of  the  old  piece  is  the  determining  factor  in 
the  subsequent  growth  in  the  new  part.  There  is  nothing,  as  far  as 
could  be  foreseen,  that  would  prevent  an  anterior  piece  growing 
with  equal  rapidity  at  the  two  ends  in  order  the  reach  the  sym- 
metrical condition,  but  this  does  not  occur.  On  the  contrary  the  new 
pharynx  is  carried  backwards  away  from  its  first  position.  In  a 
posterior  cross-piece  the  conditions  are  somewhat  different,  since 
the  position  of  the  new  pharynx  just  behind  the  new  head  makes 
it  necessary  that  the  new  material  be  laid  down  betvreen  the  head 
and  pharynx  in  order  that  they  shall  stand  in  their  proper  relation 
to  each  other.  It  is  important  to  note  that  in  both  anterior  and 
posterior  pieces  the  region  of  growth  lies  in  front  of  the  pharynx. 

The  method  of  regeneration  in  Planaria  lugubris  throws  some 
light  on  the  changes  that  take  place  in  P.  maculata.  In  the  latter, 
and  even  more  strikingly  in  Bipalium,  the  changes  that  take  place  in 
a  cross-piece  involve  especially  the  old  part.  After  the  first  formation 
of  new  tissue  to  make  the  new  head  and  tail  the  old  part  elongates 
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throughout,  becoming  narrower  at  the  same  time.  This  change  appears, 
nerertheless,  to  be  regulated  by  the  nature  of  the  piece  in  much  the 
same  way  as  in  P.  lugubris.  Thus  in  a  cross-piece  from  the  anterior 
end  of  the  worm  the  elongation  in  the  old  tissue  is,  for  the  most 
part,  in  the  posterior  region ;  and  in  a  cross-jnece  from  the  posterior 
end  the  elongation  is  greatest  in  its  more  anterior  part,  etc. 

When  the  tail-end  behind  the  old  pharynx  is  cut  from  P. 
Ingubris  the  new  pharynx  comes  in,  as  has  been  shown,  at  the  edge 
of  the  new  tissue  at  the  anterior  end,  and,  therefore,  almost  in  the 
new  head.  It  seemed  that  this  might  be  due  to  the  inability  of  the 
pharynx  to  develop  in  the  old  tissue,  as  it  does  in  P.  maculata,  and 
that  if  a  posterior  cut-surface  also  existed  the  new  pharynx  might 
appear  in  this  new  tissue  at  the  posterior  edge  rather  than  at  the 
base  of  the  new  head.  A  number  of  pieces  were  cut  off,  posterior 
to  the  genital  pore,  similar  to  those  shown  in  Fig.  3  C  In  every  case 
the  pharynx  appeared  at  the  anterior  edge,  and  quite  near  the  new 
head.  The  old  piece  has  acted  as  a  barrier  preventing  the  pharynx 
from  appearing  at  its  proportionate  distance  from  the  new  head,  as 
would  be  more  nearly  the  case  if  it  developed  at  the  posterior  cut- 
edge.  The  result  shows  that  the  ordinary  idea  of  polarity  does  not 
apply  here,  since  a  posterior  structure  —  the  pharynx  —  appears 
at  the  anterior  end  of  a  piece  if  this  piece  comes  from  behind  the 
pharynx  in  the  old  worm.  It  is  not  simply  a  question  of  anterior 
and  posterior  ends  of  the  cross-piece ,  but  of  the  relation  that  this 
piece  held  to  the  parts  of  the  original  worm,  that  determines  its 
action;  and  this  is  all  the  more  important,  since  it  has  been  shown, 
that  from  any  part  of  the  piece  any  part  of  the  new  worm  may 
arise. 


The  Effects  of  Feeding  and  of  Starving  on  the  Regeneration 

of  Pieces. 

In  the  preceding  pages  it  has  been  shown  that  by.  feeding  the 
newly  formed  worm  the  old  tissue  can  be  protected.  Whether  the 
protection  is  brought  about  by  the  growth  of  the  old  part  keeping 
pace  with  the  loss  of  cells,  or  of  material,  sent  into  the  new  parts, 
or  whether  the  new  parts,  being  well  nourished,  do  not  draw  on 
the  old  part  for  cellular  or  for  food  material  is  not  clear  from  the 
results  of  my  earlier  experiments.  The  following  results  throw  some 
light  on  this  question. 
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The  posterior  ends  of  several  worms  of  about  the  same  size  were 
cut  off  just  in  front  of  the  old  genital  pore.  The  pieces  were  seperated 
into  two  lots,  one  of  which  was  kept  without  food,  and  the  other 
supplied  with  food  as  soon  as  the  new  pharynx  had  dereloped.  The 
distance  from  the  genital  pore  to  the  posterior  end  was  3  mm,  and 
the  pieces  measured  each   about   3^2  mm   long   by  2  mm    broad. 


Fig.  4. 
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Nineteen  days  after  the  operation  the  worms  appeared  as  shown  in 
Figs.  4,  B  and  F,  The  pieces  have  made  a  new  head  and  pharynx 
and  have  diminished  nearly  a  half  in  breadth ;  but  the  distance  from 
the  genital  pore  to  the  posterior  end  is  about  the  same  as  at  first. 
One  of  these  worms  was  fed,  Fig.  C\  the  other  kept  without  food, 
Fig.  O,  After  nineteen  days  the  two  worms  had  reached  the  condition 
represented  in  Figs.  D  and  J7,  and  eight  days  later  that  shown  in 
Figs.  E  and  J.  The  larger  of  these  last  two  figures  represents  the 
worm  as  fully  grown.  The  starved  piece  also  appears  somewhat  larger 
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than  in  the  last  figure,   due  either  to  the  piece  being  flatter  when 
measured,  or  possibly  to  its  having  found  some  food. 

The  results  show  that  there  is  a  primary  loss  of  material  in  the 
old  part  during  the  formation  of  the  new  head  and  pharynx;  that 
the  loss  in  almost  entirely  in  breadth  and  height,  the  length  of  the 
old  part  remaining  as  at  first.  After  feeding  a  piece  becomes  broader, 
and  also  continues  to  grow  in  length  especially  in  the  region  between 
the  pharynx  and  the  head.  The  starved  piece  grows  only  a  little 
longer  anteriorly,  but  even  after  two  months  the  anterior  end  had 
not  reached  the  tj^pical  length,  i.  e.  the  posterior  end  was  too 
long  for  the  anterior  end.'  The  most  surprising  fact  is  that  the 
starved  piece  loses  very  little  of  its  original  length,  but  half  its 
breadth.  The  slight  loss  in  length  may  be  accounted  for  by  the 
general  dwindling  of  the  old  part  due  to  lack  of  food,  but  the  very, 
great  diminution  in  breadth  must  be  due  to  the  loss  of  material 
that  goes,  either  directly  as  cellular  material,  or  indirectly  as  food 
material,  to  the  anterior  part. 

In  another  experiment  a  worm  (measuring  12  x  l^io)  ^^<^  spli* 
in  two  pieces  jilong  the  middle  line  on  Oct.  3,  Fig.  5.  One  piece  was 
fed  for  the  first  time  on  Oct.  13,  and  later  at  intervals  of  a  few 
days.  The  other  piece  was  kept  without  food.  The  two  pieces  were 
measured  on  Oct.  17,  and  are  represented  in  Figs.  B  and  E.  The 
piece  that  was  fed  measured  8  x  IV4.  It  had  lost  one  third  its 
length,  and  the  new  and  old  parts  together  were  broader  than  the 
old  half  The  starved  piece  had  decreased  one-half  in  length,  but 
was  §,bout  as  broad  as  the  last.  This  apparent  increase  in  breadth  is 
largely  due  to  the  old  part  remaining  in  a  more  contracted  state, 
even  when  moving  forward,  than  when  it  formed  a  part  of  the 
original  worm.  The  new  tissue  that  appears  along  the  cut-side  arises 
while  the  piece  is  at  rest,  and  in  a  contracted  condition.  When  the 
new  worm  is  irritated,  so  that  it  moves,  the  new  part  does  not 
permit  of  the  fullest  possible  extension  of  the  old  side,  which  appears, 
therefore,  broader.  This  seems  to  be  the  most  probable  interpretation. 
After  another  fourteen  days  the  two  pieces  appeared  as  shown  in 
Figs.  C  and  F,  The  piece,  that  had  been  fed  every  few  days,  has 
not  increased  noticeably  in  length,  but  is  broader  than  before.  This 
increase  in  breadth  is  in  part  due  to  the  gro>vth  of  the  new  region, 
but  also  to  some  extent  to  growth  in  the  old  part.  This  is  seen  from 
the  fact  that  although  the  width  of  the  new  worm  is  as  great  as 
that  of  the  original  worm,  yet  the  pharynx,  that  appeared  at  the 
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edge  of  the  old  part,  still  lies  excentrically.  The  starved  piece  is 
only  one-third  its  former  length,  and  about  one-half  its  width.  The 
pharynx  lies  in  an  excentric  position,  and  relatively  even  more 
excentrically  than  in  the  fed  piece.  This  means  that  in  the  starved 
piece  there  is  not  only  absolutely  less  new  tissue  formed,  but  even 
relatively  less  than  in  a  piece  that  is  fed.    The  later  condition  of 
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these  two  pieces  is  shown  in  Figs.  D  and  0.  The  larger  piece 
measures  10^/.2x2^/g.  «It  is  nearly  as  long  as  the  original  worm, 
and  somewhat  broader.  The  latter  is  due  to  the  abundant  supply 
of  food,  for  had  the  original  worm  been  overfed,  it  too  would  have 
gained  more  in  breadth  than  in  length  —  to  a  certain  maximum 
limit  beyond  which  it  could  not  be  forced.  The  pharynx  is  near 
the  middle  of  the  piece,  although  slightly  excentric  even  at  this  time. 
The  smaller  piece  is  represented  in  Fig.  O.  It  measured  4xV«i  ^^^ 
is,  therefore,  not  much  more  than  half  as  wide  as  before.     The  loss 


Growth  and  Regeneration  in  Planaria  Ingubris.  193 

seems  to  have  been  mainly  in  the  old  part,  so  that  the  pharynx 
appears  more  nearly  symmetrical.  The  new  part  is  about  as  wide 
as  it  was  before. 

These  results  show  that  by  feeding  the  new  worm  the  old 
material  is  protected,  and  the  new  material  grows  faster  than  in  a 
worm  without  food.  The  new  pharynx  appears  along  the  edge  between 
the  old  and  new  parts,  and  holds  that  position  throughout  all  subsequent 
changes;  the  same  is  true  for  the  genital  pore,  and  for  the  eyes,  as 
well  as  for  the  central  part  of  the  digestive  tract.  This  gives  very 
strong  evidence  in  favor  of  the  view  that  after  the  first  formation 
of  cells  along  the  cut-edge  the  subsequent  changes  are  due  to  growth 
in  the  new  part,  rather  than  to  the  migration  of  cells  into  the  new 
regions.  From  this  point  of  view  the  decrease  in  the  old  material 
in  starved  worms  is  not  due  to  cell-migration,  but  to  loss  of  substance. 
The  growth  of  the  new  part  must  be  due  to  nourishment  received 
from  the  old  part. 

It  is  a  well  known  phenomenon  that  whole  worms  kept  without 
food  decrease  rapidly  in  size  until  they  are  as  small,  or  smaller  than 
the  starved  half-pieces  shown  in  Fig.  5  O.  The  most  important  fact 
in  regard  to  the  regeneration  of  the  starved  half-pieces  is  that  the 
new  part  grows  at  the  expense  of  the  old  part;  or  put  difiPerently; 
one  half  of  the  body  that  itself  is  lacking  in  food  is  used  as  food 
material  for  the  other  incomplete  half  The  decrease  in  the  length 
of  the  new  worm  may  account  for  a  part  of  the  increase  in  breadth 
of  the  new  part,  but  the  results  show,  I  think,  that  the  greater  part 
of  the  increase  in  breadth  is  due  to  material  taken  from  the  other 
half  This  transportation  of  food  substances  to  regions  of  more  active 
growth,  where  the  changes  are  going  on  that  produce  a  symmetrical 
form,  is  most  remarkable.  It  indicates  that  growth  processes  may 
control  the  distribution  of  food  material  in  the  animal.  Growth, 
from  this  point  of  view,  is  not  altogether  the  result  of  the  pre- 
sence of  food  material,  although  it  may  take  place  at  a  more  rapid 
rate  if  an  abundance  of  material  is  present,  but  the  growth  deter- 
mines the  relative  distribution,  or  deposition  of  the  material  that  is 
present. 

This  same  relation  between  growth  in  the  old  and  in  the  new 
parts  seems  to  hold  for  all  kinds  of  pieces,  so  that  it  will  not  be 
necessary  to  give  any  further  description  of  the  process  in  other  cases, 
except  in  so  far  as  the  results  bear  on  each  particular  experiment. 
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Regeneration  in  Half  Cross-Pieces. 

These  experiments  are  in  part  a  repetition  of  a  similar  one  on 
r.  maculata  described  in  my  last  paper.  They  have,  however,  given 
more  definite  results.  Short  cross-pieces  were  taken  from  the 
anterior  end  about  midway  between  the  head  and  pharynx.  Some 
of  the  pieces  were  split  in  two  at  once,  Fig.  6-4;  others  after  three 
days,  when  a  small  amount  of  new  material  had  developed  at  the 
ends.  Fig.  6  J5;  and  others  an  the  following  day  before  the  eyes 
had  appeared,  Fig.  6  C.  After  seven  days  the  first  pieces  had  pro- 
duced each  a  new  head  with  two  eyes,  as  shown  in  Fig.  6  A  a.  It 
will  be  seen  that  the  head  lies  somewhat  towards  the  cut-side  of 

the  piece,  i.  e.,  its  median  plane  passes  just 

^^^'  ^^'  within  the  edge  of  the  old  piece.    The  inner 

I.     :    .  ']    .        t^)        eye  appeared  nearly  always  a  little  later  than 

-         the   outer  one.     The  new  pharynx  also  lies 
^  towards  the  inner  side  of  the  posterior  part. 

^  The  second  lot  also  produced,  after  eight 

\Q\       days,  two  eyes,  but  the  inner  one  was  less 

^  ^  well  developed,  Fig.  Bb.      The  third   series 

formed  at  this  time  one  eye,  the  outer  one, 
in  each  piece.     A  day  later  the  other  eye 
v:-^       appeared  in  two  pieces,    but  in  four  pieces 
cc         only  one  eye  was  present.     Two  days  lat^ 
all,  but  one,   had  two  eyes,  and  on  the  fol- 
lowing day  the  second  eye  appeared  in  the  last  piece. 

The  results  show  that  if  the  cross-piece  is  cut  in  half  when  the  new 
material  is  not  well  developed  a  single  head  with  two  eyes  is  pro- 
duced, but  if  the  same  operation  is  made  a  little  later,  only  one  eye 
develops  at  first,  and  the  other  develops  a  day  or  two  later.  This 
appears  to  mean  that  in  the  latter  c-ase  the  new  head  has  begun  to 
be  formed,  and  the  half-piece  continues  to  diflferentiate  into  a  half- 
head.  The  other  half  is  subsequently  regenerated  laterally.  When 
the  new  material  is  first  produced  it  is  indifferent,  and  from  it  may 
be  produced  a  single  head,  or  two  new  heads  if  it  is  cut  in  two; 
but  a  little  later  the  diflferentiation  has  gone  so  far,  that  if  the 
material  is  divided  it  continues  to  differentiate  into  a  part  of  the  whole. 
It  may  be,  of  course,  that  even  at  the  beginning  the  material  is 
differentiated  to  a  slight  extent;  but  the  material  is  still  capable  of 
rearrangement. 
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The  new  head  in  these  cross-pieces  lies  towards  the  inner  side 
of  the  piece,  i.  e.,  nearer  to  the  old  middle  line  than  to  the  middle  of 
the  piece  itself.     One  of  the  factors  that  determines  the  position  of 
the  new  head  may  seem  to  be  the  old  middle  of  the  piece,  since  the 
new  middle  line  of  the  head  tends  to   correspond  with  that  of  the 
old  part.    Two  possible  explanations  of  this  suggest  themselves.  The 
new  material  is  thicker  near  the  inner  side  of  the  piece  than  at  the 
outer  side,  and  if  the  amount  of  material  is  a  factor  in  the  result, 
that  is,  if  the  new  head  tends  to  assume  the  middle  of  the  mass  it 
will  lie  nearer  to  one  side.    On  the  other  hand  the  development  of 
the  head  at  the  outer  side  of  an  oblique  piece  appears  opposed  to 
this  view,  and  also  the  less  development,  or  later  development  of  the 
inner  side  of  the  head.     We  might  assume  that  the  position  of  the 
central  part  of  the  digestive  tract  at  the  inner  side  of  the  piece  has 
a  determining  influence,   but  this  seems  improbable  also  in  the  light 
of  the  result  from  oblique  pieces.   Neither  of  these  views,  therefore, 
seems  to  give  a  satisfactory  explanation  of  the  result.    Another  possi- 
bility will  be  discussed  later.   Since  these  half  cross-pieces  came  from 
the  anterior  end  of  the  worm  it  seemed  to  me  that  possibly  half  cross- 
pieces  from  the  posterior  end  might  behave  diflferently:  that  is,  the  new 
head  might  assume  a  more  central  position  at  the  anterior  cut  surface, 
becanse  the  influence  of  the  old  part  might  be  different  in  a  region 
further  removed  from  the  old  head.    Moreover,   since  there  are  two 
lateral  branches  to  the  digestive  tract  in  this  posterior  region  the 
larger  part  of  the  old  digestive  tract  will  lie  nearer  the  middle  of  the 
half-piece  than  in  the  anterior  pieces.    Posterior  pieces  produce  at  first 
a  large  amount  of  new   material  before   the   new   head   develops. 
Fig.  7  A  a.    Six  days  after  the  operation  a  half  cross-piece  had  not 
developed  eyes,  although  a  pharynx  was  present,  Fig.  7  o.    Two  days 
later  one  eye  had  appeared  in  one  piece,  but  the  second  eye  did  not 
appear  in  this  piece  until  the  thirteenth  day.  Fig.  7  d.    In  one  piece. 
Fig.  7  e,  no  eyes  were  present  on  the  ninth  day,  but  later  first  one, 
then  the  other  appeared.   The  results  are  practically  the  same  as  on 
the  more  anterior  pieces,  except  for  the  greater  length  of  time  that 
elapses  before  the  first  eye  appears,  and  the  larger  amount  of  new 
material   that   is   produced.     The   results    seem   to   show   that  the 
asymmetry  of  the  new  head  is  not  due  to  the  digestive  tract,  or  con- 
nected with  the  nearness  of  the  piece  to  the  head  of  the  old  Wonq. 
The  most  abvious  fact  is  that  the  inner  side  of  the  head  develops  leas 
rapidly  in  all  these  pieces  than  does  the  outer  side.    Now  the  new, 
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inner  side  of  the  body,  represented  by  the  new  material  at  the  side, 
is  also  less  developed  than  the  side  represented  by  the  old  part.  The 
piece  takes  this  condition,  if  I  may  so  speak,  into  consideration,  and 
the  development  of  the  inner  side  of  the  head  is  held  in  check  by  its 
relation  to  the  rest  of  its  own  side.  This  is  the  only  interpretation 
that  I  can  offer  of  the  result,  and  as  in  many  processes  of  regenera- 
tion it  refers  the  result  to  that  inscrutable  phenomenon  that  we  call 
the  organisation.  Even  if  at  present  we  can  not  grasp  the  meaning 
of  this  organisation,  it  seems  to  me  more  satisfactory  to  find  that  the 
phenomenon  belongs  to  this  category  than  to  give  it  a  more  simple,  but 

possibly    an    erroneous 

Fig.  7.  explanation. 

•^  A  number  of  simi- 

(■•-■■■■■i-/.^':]      /y      /O      /<y>       f)      C\      lar    experiments     were 

/  ^       y^        \j/         %      \S^     made  with  oblique  half 

*  ^        "  d  cross-pieces,   Fig.  7  B. 

I  have  previously  shown, 
in  four  species  of  plana- 
rians,  that  the  new  head 
appears  on  an  oblique 
surface  at  the  side  of 
»  '  Ad  the  anterior  part,  rather 

than  in  the  middle  of  the 
piece.  If  an  oblique  cross-piece  is  cut  into  two  half-pieces  as  indicated 
in  Fig.  7  5,  x — x,  we  should  expect  to  find  that  in  the  right-hand  piece 
the  head  would  appear  on  the  outer  right-hand  side,  but  sine«  there 
has  been  shown  to  be  in  half  cross  pieces  some  influence  that  brings 
the  head  towards  the  inner  side  we  should  expect  to  find  the  new 
head,  adjusting  itself  to  both  tendencies,  appearing  about  the  middle 
of  the  anterior  edge.  In  the  left-hand  half-piece  both  of  the  former 
influences  would  tend  to  bring  the  new  head  towards  the  inner  side. 
The  figures  show,  Fig.  7  B  a,  a\  6,  b\  etc.  that  the  anticipated 
results  follow,  although  owing  to  the  change  in  shape  of  the  old 
part  it  is  not  always  clear  just  where  the  new  head  arises.  In 
both  cases  a  single  eye  first  appears  —  always  on  the  outer  side  of 
the  piece.  In  the  right-hand  pieces  the  head  lies  nearly  in  the 
middle  of  the  anterior  edge;  while  in  the  left-hand  pieces  it  arises 
at  the  inner  angle. 
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Regeneration  from  an  Oblique  Surface. 

It  seemed  to  me  that  the  development  of  a  new  head  on  the  side 
of  an  oblique  piece,  rather  than  in  the  middle,  is  such  an  exceptional 
phenomenon  that  it  would  be  well  worth  while  to  give  it  a  more 
thorough  examination.    I  wished  to  make  out  more  particularly  how 
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saeh  a  piece  regains  its  symmetry.  This  change,  it  was  found,  could 
be  best  studied  if  the  piece  contained  a  part  of  the  old  pharynx  and 
genital  pore  that  serve  as  landmarks  and  prevent  mistakes  that  might 
possibly  arise  from  a  change  in  shape  of  the  piece.  It  was  also 
found  better  to  keep  the  pieces  well  fed,  so  that  the  old  part  keeps 
more  nearly  its  former  size.   This  may  of  course  alter  somewhat  the 
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result.  If  the  middle  piece  of  the  worm  is  cut  out  as  shown  in  Fig.  8 
X — X,  x—x^  having  an  anterior  oblique  edge,  and  a  posterior  square 
edge,  the  old  pharynx  lying  in  the  middle  of  the  piece,  the  following 
changes  take  place.  The  edges  of  the  cut-surfaces  bend  in,  and  the 
piece  contracts,  and  becomes  more  rounded,  so  that  it  is  broader  than 
the  original  worm,  Fig.  8  J?.  Owing  to  the  greater  contraction  on 
the  longer,  right  side  the  old  pharynx  appears  to  lie  nearer  to  the 
opposite  side.  The  new  material  that  appears  along  the  cut-edges 
grows  fastest  at  the  right  side  of  the  anterior  cut-edge,  and  in  the 
middle  of  the  posterior  edge,  to  give  rise  to  the  new  head  and  new 
tiiil.  Fig.  Bh.  The  head  is  small,  and  its  median  axis  stands  at 
right  angles  to  the  cut-surface.  The  old  pharynx  extends  forward  to 
the  middle  of  the  anterior  edge,  and  bends  over  somewhat  towards 
the  head.  Its  position  shows,  however,  that  the  new  head  really 
arises  far  to  one  side  of  the  piece.  The  inner  eye  is  sometimes  le^ 
developed  than  the  outer,  and  this  appears  to  be  connected  with  less 
development  of  the  inner  side  of  the  new  head,  and  of  the  region  to 
the  left  of  it.  The  new  head  grows  forward,  the  greatest  amount  of 
growth  occurring  on  the  inner,  less  developed  side.  It  assumes  in 
consequence  a  more  anterior  position.  The  head  becomes  larger,  and 
broader,  and,  in  consequence,  its  middle  plane  comes  to  correspond 
more  nearly  with  the  middle  line  of  the  old  part,  as  shown  in 
Fig.  Bd.  When  the  head  has  reached  its  full  size  it  lies  in  a  sym- 
metrical position  in  regard  to  the  old  part.  The  worm  was  fed  oc- 
casionally so  that  the  old  part  lost  very  little  in  breadth. 

If  a  piece  is  removed  by  two  oblique  cuts  that  are  inclined  to- 
wards each  other  as  shown  in  Fig.  8^  a,  the  changes  are  very  similar 
to  those  just  described.  The  head  as  well  as  the  tail  arises  at  the 
side  of  the  piece,  that  is  in  this  case  at  the  right  side  of  the  anterior 
and  posterior  cut-edges.  The  series  of  Figs.  Aa — Ae  shows  the 
successive  stages  in  the  regeneration  of  this  piece.  The  figures  re- 
present the  worm  as  seen  from  the  ventral  side,  while  crawling  on 
the  under  surface  of  the  top  of  the  water. 

If  a  piece  is  removed  by  two  parallel  oblique  cuts  as  shown  in 
Fig.  9  4,  the  subsequent  changes  are  like  those  represented  in  Figs.  9 
Aa — Ad.  Although  the  piece  was  fed  the  old  part  became  narrower, 
and  somewhat  longer,  but  the  main  change  is  in  the  new  material  at 
the  anterior  and  posterior  ends.  The  shifting  and  straightening  of  the 
new  head  are  brought  about  by  its  enlargement  and  by  its  more  rapid 
growth  on  the  inner  side.    The  old  pharynx  bends  somewhat  towards 
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the  new  head  in  the  earlier  stages.  The  posterior  end  also  reaches 
its  symmetrical  position  in  the  same  way  as  does  the  head.  This 
piece  was  fed.  If  the  piece  is  starved  the  new  head  and  tail  grow 
less  rapidly  and  the  old  part  decreases  in  breadth,  so  that  a  smaller 
narrower  worm  is  formed. 

A  very  interesting  result  is  obtained  when  the  tail-end  is  cut  oflf 
obliquely,  the  line  of  division  passing  obliquely  between  the  pharyngeal 
and  genital  pores, 
Fig.  9  B.  The  new 
pharynx  appears  in 
the  new  tissue  as 
shown  in  Figs.  9  b 
and  f.  It  extends 
obliquely  across  the 
anterior  edge  of  the 
old  part,  and  lies 
almost  parallel  to  the 
cut-edge.  Its  poste- 
rior end  lies  in  the 
middle  of  the  old 
part,  while  its  ante- 
rior end  extends  for- 
ward towards  the 
middle  of  the  new 
head.  From  the  an- 
terior end  the  middle 
part  of  the  digestive 
tract  extends  ob- 
liquely to  the  middle 
of  the  head.    This 

result  shows  the  nature  of  the  new  material  along  the  anterior  edge, 
and  makes  much  clearer  how  the  establishment  of  the  later  sym- 
metry is  brought  about.  We  must  conclude  from  this  experiment 
that  the  old  median  line  is  connected  with  the  median  line  of  the 
new  head  by  obliquely  lying  median  structures  in  the  new  part; 
as  indicated  by  the  position  of  the  pharynx.  The  new  material  on 
the  outer  side  is  less  developed  than  on  the  inner,  and  the  new 
head  bends  over  towards  the  less  developed  side  for  some  time.  The 
later  growth  is  more  rapid  on  the  undeveloped  side,  and  this  com- 
bined with  the  enlargement  of  the  entire,  anterior  end  establishes 
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the  later  symmetry,  as  shown  in  Figs,  9  cto  e  and  f  to  h.  The  eye 
on  the  less  developed  side  often  appears  later  than  on  the  other  side 
and  this  supports  the  interpretation  that  I  have  given  for  the  con- 
ditions affecting  the  position  of  the  eyes  in  the  half-cross-pieces. 

The  lateral  position  of  the  new  head  can  not  be  determined,  I 
think,  by  the  position  of  the  new  pharynx,  or  of  the  old  one,  if  it 
is  present  in  the  piece,  for  the  central  part  of  the  new  digestive  tract 
lies  often  at,  or  near  the  old  middle  of  the  piece.   This  is  well  shown 

in  the  oblique  piece  drawn  in 
Fig.  10.  Fig.  10.    The  worm,  P.  macu- 

lata,    had    been    fed    (several 
hours  before  this  oblique  piece 


was  cut  oflF)  on  the  head  of  a 
fly,  and  the  walls  of  the  di- 
gestive tract  were  colored  a 
bright  red,  and  for  several  days  this  color  remained  so  that  the 
branches  of  the  digestive  tract  could  be  seen.  Three  days  after  being 
cut  off  the  digestive  tract  had  assumed  the  form  shown  in  the  figure. 
The  cut  had  been  made  across  the  old  pharynx.  Two  branches  have 
united  in  the  middle  line  in  front  of  the  old  pharyngeal  chamber, 
but  the  branches  on  the  left  side  had  not  yet  united.  The  greater 
growth  of  new  tissue  at  this  side  marks  the  beginning  of  the  new 
head.  This  result  shows,  I  think,  that  Bardeen's  idea  that  the  middle 
part  of  the  digestive  tract  determines  the  position  of  the  new  organs 
fails  in  this  case  to  account  for  the  position  of  the  head,  and  is 
probably  not  the  determining  factor  in  the  result. 


The  Effect  of  Partial  Splitting  along  the  Middle  Line. 

The  experiment  of  partially  splitting  the  worm  along  the  middle 
line  was  first  carried  out  by  Faraday,  and  double  structures  obtained. 
Van  Duyne  repeating  the  same  experiment  discovered  that  when  the 
cut  extends  far  forward  one,  or  two  additional  heads  appear  at  the 
anterior  angle  where  the  sides  meet.  The  same  experiment  with  the 
same  result  has  been  repeated  by  myself  (1900)  and  by  Bardeex. 
I  found  further  that  if  the  cut  extends  forward  between  the  eves 
each  half-head  may  complete  itself  on  the  inner  side,  and  Bardeen 
has  also  figured  a  double  worm  showing  the  same  condition.  More 
recently  I  have  again  obtained  one  case  in  which  the  two  halves  were 
united  by  only  a  very  narrow  band  of  tissue  at  the  anterior  end, 
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and  in  this  instance  each  half  formed  a  new,  entire  half-head  on  the 
inner  side.  Subsequently  the  united  worms  broke  apart  while 
crawling. 

The  question  naturally  arises  as  to  whether  there  is  any  connec- 
tion between  the  cases  in  which  each  half  of  the  head  completes  it- 
self, and  those  in  which  one,  or  two  new  heads  arise  in  the  anterior 
angle.  I  think  that  it  can  be  shown  that  both  are  the  outcome  of  the 
same  factors.  The  explanation  is  an  extension  of  the  same  principle 
that  I  made  use  of  in  a  former  paper  (1900)  to  account  for  the  heads 
that  appear  in  the  angle.  According  to  this  view  each  head  is  pro- 
duced at  the  anterior  end  of  the  new  side  in  the  same  way  that  a 
head  is  produced  at  the  side  of  a  longitudinal  piece.   It  is  prevented 

Fig.  11. 
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from  turning  forward  by  the  old  tissue  that  meets  across  in  front  of 
it.  When  the  cut  is  extended  still  further  forward,  so  that  the  old 
head  is  cut  nearly  in  half,  the  new  tissue  at  the  side  completes  the 
old  head,  that  is,  it  carries  out  a  similar  process  as  before,  but  in 
some  cases  completes  a  half  structure  already  present;  and  in  the  other 
cases  when  the  new  part  does  not  extend  into  the  new  head,  an  entire 
new  head  is  formed  at  the  side.  The  two  results  differ  in  that  in 
one  case  the  new  tissue  at  the  side  is  influenced  by  the  presence  of 
the  half  head  along  which  it  lies,  while  in  the  other  case  the  old  head 
has  no  influence  on  the  result. 

Another  experiment  shows,  I  think,  that  this  interpretation  is 
correct.  If  the  anterior  end  of  the  worm  is  split  in  two,  the  two 
halves  being  held  together  at  the  posterior  region,  a  tail  may  form 
on  one,  or  both  sides  at  the  posterior  end  of  the  new  tissue.  Yoigt 
and  Bardeen  have  each  given  a  figure  showing  this  condition.  It 
is  scarcely  possible  that  the  old  tail  can  have  any  influence  on  the 
result  and,  I  think,  that  there  can  be  little  doubt  that  it  is  due  to 
the  posterior  end  of  the  new  tissue  producing  in  itself  an  orthomorphic 
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tail.    The  case  is  parallel  to  the  head  produced  in  the  angle  of  the 
other  pieces. 

In  a  few  cases  the  anterior  end  was  cut  off  and  then  split  par- 
tially in  two  as  far  forward  as  the  region  between  the  eyes,  Fig.  11. 
The  experiment  was  made  to  see  if  new  heads  would  appear  in  the 
angle  between  the  sides,  when  the  region  behind  the  angle  is  quite 
short.  Although  the  halves  were  separated  again  and  again  they 
persistently  fused  together.  Most  of  the  pieces  produced  two  pharynges, 
in  some  there  was  one  in  each  new  tail.  Fig.  112?;  in  others  the 
two  pharynges  lay  side  by  side  in  a  single  body  that  was  forked 
behind,  Fig.  11  C  and  D,  These  pieces  were  fed  and  they  grew 
larger  an  longer.  I  tried  to  determine,  if,  in  these  pieces  with  two 
pharynges  in  a  single  body,  the  body  would  be  relatively  broader 
than  in  a  normal  worm  of  the  same  length.  This  was  found  to  be  the 
case,  at  least  so  far  as  the  region  showed  a  double  structure.  I  tried 
also  to  determine  if  the  new  head  on  such  a  body  would  be  twice  as 
broad  as  that  of  a  normal  worm  of  the  same  length,  but  this  did  not 
appear  to  be  the  case.  Since  the  old  head  arises  from  a  region  in 
which  the  structure  is  not  doubled  it  could  scarcely  be  expected  that 
it  would  develop  to  twice  the  proportionate  breadth.  A  better  way  of 
testing  this  problem  is  to  cut  off  the  anterior  end  in  the  region 
in  front  of  the  two  pharynges  where  the  worm  has  to  a  certain  ex- 
tent a  double  structure.  As  most  of  the  pieces  of  this  sort  that  I  had 
kept  for  some  time  became  diseased,  and  died,  I  could  not  carry  out 
the  experiment,  but  it  does  not  seem  probable  that  the  new  head 
would  be  broader  than  a  normal  head,  unless  it  had  a  more  or  less 
double  structure,  and  I  do  not  think  that  this  would  occur  in  a  head 
forming  in  the  new  tissue  over  the  cut-surface. 


The  Size  of  New  Heads  of  Worms  Split  in  two  at  the  Anterior  End. 

In  the  first  series  of  these  experiments  the  head  of  the  worm  was 
cut  off,  and  an  oblong  piece  removed  from  the  middle  of  the  body,  as 
described  in  my  last  paper  ^).  If  the  anterior  halves  are  kept  from  unit- 
ing a  new  head  appears  on  each  side.  Fig.  12  A^  B,  The  size  of  each 
new  head  is  in  proportion  to  the  size  of  the  side-piece  from  which 
it  arises,  as  can  be  easily  seen  when  one  side  is  larger  than  the 
other.    New  tissue  may  appear  where  the  sides  partially  fuse  behind 
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the  double  head,  Fig.  12  A,  B.  The  sobaequent  ^owth  of  the  new 
heads  depends  apon  the  length  of  the  region  by  which  they  are  onited 
to  the  general  body.  If  this  region  is  short  the  heads  remain  small 
Pig.  12  A,  B,  in  fact  they  are  often  not  more  than  half  the  normal 
size.  If  the  connecting  region  is  long  the  new  heads  become  cor- 
respondingly larger.  Some  worms  of  these  kinds  have  been  kept  for 
several  months  and  supplied  with  food,  but  those  with  beads  closely 
niiited  to  the  body  do  not 
prodnce  larger  heads,  or  at  ^^ 

least  to  only  a  slight  extent 
in  proportion  to  the  general 
growth,  and  the  beads  re- 
main practically  half-heads. 
When  the  heads  are  united 
to  the  body  by  a  larger 
piece  the  heads  may  grow 
to  the  normal  size.  This 
difference  is  the  result  of 
two  factors.  First  the 
breadth  of  the  region  that 
unites  the  bead  to  the  body, 
and  secondly  the  length  of 
the  eoonecting  region.  The 
size  of  the  new  part  is 
determined,  or  regulated  by 
the  size  of  its  region  of 
nnion,  and  if  the  piece  is 
abort  it  may  be  held  iu 
check  by  the  area  of  its 
connecting  region;  but  if 
the  piece   is  long    (i.  e.,  (' 

when  the  connecting  region 

is  further  away)  it  tends  to  assert  its  own  independence,  and  may 
overcome  the  regulative  influences  of  the  base.  These  statements 
seem  to  apply  to  all  eases  in  which  double  structures  are  produced 
by  splitting  as  the  following  results  show. 

If,  instead  of  cutting  off  the  old  head  and  removing  a  piece 
from  the  middle  of  the  trunk,  the  anterior  end  ia  simply  split  iu  two, 
each  half  will,  if  prevented  from  fusing  with  the  other  half,  produce 
a  new  half  head  at  the  side,  Fig.  12  C.    Each  new  head  is  there 
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made  up  of  half  the  old  head  and  half  of  a  new  one.  The  question 
arises  whether  the  new  half  of  each  head  will  enlarge  to  the  full 
size  of  the  old  half,  or  whether  the  latter  will  reduce  itself  to  a 
smaller  size.  The  results  show  that  a  reduction  of  the  old  part  takes 
place,  which  may  be  accounted  for,  in  part  at  least,  perhaps  entirely, 
by  the  loss  of  cellular  material  to  produce  the  new  half. 

If  the  worm  has  been  split  further  posteriorly,  and  the  halves 
kept  from  reuniting,  the  new  heads  will  become  larger.  Fig.  12  (7. 
Each  half  forms  a  new  side  that  is  smaller  at  first  than  half  of  the 
original  worm,  but  if  the  pieces  are  well  fed,  each  half  may  grow 
to  nearly  the  normal  or  average  size,  and  the  head  also  becomes 
nearly  as  large  as  the  head  of  an  average  worm.  We  see  here  the 
same  changes  that  have  been  described  in  the  preceding  experiment, 
and  the  same  interpretation  >\ill  account  for  the  result. 

Another  question  that  arises  in  connection  with  these  pieces  is 
whether  a  two-headed  worm  will  enlarge  so  that  its  body  is  twice 
as  big  as  the  normal  worm;  in  which  case  each  head  might  then 
become  full  sized.  This  does  not  occur,  however,  as  the  figures  show, 
since  the  single  part  of  the  body  remains  about  the  normal  size.  It 
may  appear  somewhat  broader  when  a  median  piece  has  been  cut 
out.  Fig.  12  Ay  since  the  double  structure  may  to  some  extent  in- 
volve the  newly  formed,  common,  middle  part,  or  it  may  appear 
broader,  because  the  anterior  end  spreads  out  somewhat  more  at  the 
sides  than  in  the  normal  worm;  but,  in  general,  it  is  clear  that  the 
body  does  not  become  proportionately  twice  as  broad  as  it  is  in  normal 
worms.  When  the  pieces  are  separated  further  posteriorly  each  part, 
as  has  been  described,  may  become  nearly  as  broad  as  the  original 
worm,  but  the  part  of  the  body  from  which  the  halves  arise  remains 
about  the  same  size  as  before  —  except  in  so  far  as  it  tends  to  spread 
out  to  its  maximum  breadth,  when  the  anterior  halves  spread  apart. 

Similar  results  are  obtained  by  splitting  the  posterior  ends  of 
the  worms  in  two.  If  the  cut  extends  forward  almost  to  the  new 
head  each  half  produces  a  pharynx  and  completes  itself  on  the  inner 
side  until  each  may  be  as  broad  as  the  original  worm.  Fig.  13  B. 
Where  they  join  the  anterior,  single  part  a  fold  is  formed  at  right 
angles  to  the  surface  of  the  worm  connecting  the  two  halves  to  the 
single  part.  The  fold  is  the  result  of  the  halves  being  wider  than  half 
of  the  anterior,  single  part.  I  have  kept  a  number  of  worms  of  this 
sort,  and  supplied  them  with  an  abundance  of  food  in  order  to  see 
if  the  old  head  coald  be  made  to  grow  to  twice  the  normal  size, 
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but  this  never  occurred.  There  is  a  maximum  size  beyond  which 
the  head  will  not  enlarge;  although  if  it  were  cut  mto  pieces  each 
piece  would  make  a  new  worm,  and  the  sum  of  all  the  heads  of  the 
new  worms  might  be  many  times  greater  than  that  of  the  maximum 
head  of  a  single  worm.  It  is  only  by  doubling  the  structures  in  the 
head  that  a  larger  head  or  a  number  of  heads  can  be  made. 

If  instead  of  splitting  the  worm  along  the  middle  line  a  piece 
is  partially  split  from  the  side,  the  latter  will  also  make  a  new  body 
with  pharynx,  etc.  The  question  arises  whether  a  piece  of  this  kind 
can  be  brought  to  the 

same  size  as  the  lar-  ^^^'  ^^' 

get  part  by  constant 
feeding,  or  whether 
beyond  a  certain  point 
its  growth  will  be 
held  in  check  by  the 
size  of  its  connection 
with  the  old  part.  I 
can  not  give  a  final 
answer  to  this  question 
as  yet,  but  I  think 
that  it  would  be  dif- 
ficult to  make  the 
piece  enlarge  beyond 
a  certain  point.  The 
opportunity  that  is 
given  in  these  ex- 
periments of  feeding  independently  each  new  part  so  that  as  far  as 
food  is  concerned  the  pieces  can  be  forced  to  grow  to  their  maximum 
size  opens  up  a  number  of  interesting  questions  that  I  shall  hope  to 
enter  into  and  discuss  more  fullv  at  another  time. 

In  my  former  paper  *)  I  described  several  cases  in  which  one  of 
the  posterior  halves  of  a  bifid  worm  was  cut  off.  It  was  found  that 
if  the  part  was  cut  off  by  an  oblique  cut  near  its  juncture  with 
the  other  part  (as  shown  in  my  former  paper  [1900  A]  by  the  line 
o— o  in  Fig.  26  B)  a  new  body  was  not  formed,  but  the  worm  com- 
pleted itself  at  the  cut-side.  If  one  of  the  posterior  parts  was  cut 
off  further  out,  i.  e.,  between  its  region  of  union  and  the  pharjnx 
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a  tail-like  outgrowth  developed,  bnt  I  did  not  determine  if  a  new 
body  would  be  produced.  I  have  since  repeated  this  experiment 
several  times,  and  have  found  that  a  new  posterior  part  develops 
which  after  feeding  for  several  months  grows  almost  to  the  size  of 
the  other  piece. 

A  number  of  experiments  were  made  also  by  cutting  off  one  part 
of  a  worm  with  a  double  anterior  end.  It  was  found  if  the  cut  was 
made  anterior  to  the  pharynx.  Fig.  12  C,  x — x,  a  new  head  was  pro- 
duced, but  if  cut  oflF  behind  the  pharynx,  as  shown  by  the  line  y — ?/ 
in  Fig.  12  C,  no  new  structure  appeared.  The  worm  produced  a  new 
side  and  later  became  symmetrical. 


The  Inhibiting  Effect  of  an  Anterior  Cut-Edge  on  a  Posterior  Cut-Edge. 

In  some  experiments  described  in  two  of  my  former  papers  (1900, 
Fig.  X,  and  1900  A,  Fig.  24)  I  have  pointed  out  how  difficult  it  is  to  obtain 
the  development  of  two  heads  from  cross-cuts  made  at  two  levels  that  are 
united  by  a  longitudinal  cut-edge.  The  result  is  due  in  part  to  the  bending 

over  of  the  longer  side  so  that  the 
'^'  more  posterior  cut-edge  is  covered, 

but  this  is  only  a  part  of  the  ex- 
planation. In  one  case^)  I  found 
an  incomplete  structure  (whose  na- 
ture I  could  not  make  out)  appear- 
ing at  the  lower  level.  Some  new 
experiments  throw  new  light  on 
these  phenomena,  and  also  give, 
I  believe,  a  deeper  insight  into 
one  of  the  internal  factors  of  re- 
generation. 

If  the  anterior  end  is  cut 
from  the  worm,  the  body  partially 
split  into  two  equal  parts,  and  one  of  the  halves  is  cut  oflF  near  the 
bottom  of  the  last  cut,  as  indicated  in  Fig.  14,  there  are  exposed 
two  cut-ends  at  diflPerent  levels.  The  pieces  will  fuse  along  the  middle 
line  unless  they  are  for  a  day  or  two  repeatedly  separated.  If  the 
pieces  fuse  along  the  middle  line  a  single  head  develops,  and  this 
head  is  always  at  the  anterior  cross-cut.    New  tissue  appears  along 


A 


B 


I)  (1900)  Fig.  24  C,  C. 
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the  inner  edge  of  the  longer  half-piece  that  is  at  its  most  posterior 
end  continuous  with  the  new  tissue  covering  the  posterior  cross-cut. 
A  new  head  is  not  produced  by  the  latter,  and  this  region  is  slowly 
changed  into  the  side  of  the  new  worm.  If,  however,  the  longer  and 
the  shorter  half-pieces  are  kept  from  fusing  along  the  middle  line  a 
new  head  generally  develops  on  the  posterior  cross-cut.  The  tendency 
of  the  two  pieces  to  unite  is  very  strong,  and  this  may  occur  even 
after  they  have  been  kept  apart  for  several  days.  In  such  cases  the 
new  tissue  over  the  posterior  cross-cut  may  have  begun  to  make  a 
head,  but  its  connection  with  the  other  side  may  now  interfere  with 
the  further  development  ot  this  head.  As  a  result  an  outgrowth 
takes  place  that  has  no  definite  form,  and  may  be  mistaken  for  a  tail. 
It  iSy  however,  I  think  an  incomplete  head,  so  far  as  it  is  anything. 
This  is  shown  partly  by  the  way  it  moves  forward,  as  a  head  would 
do,  and  also  by  the  fact  that  if  the  piece  is  cut  off  a  new  tail  is 
produced  from  its  posterior  end. 

The  experiment  shows  that  the  connection  of  the  shorter  piece 
with  the  longer  one  inhibits  in  some  way  the  development  of  a  head 
at  its  cut-edge.  This  is  due,  in  part,  most  probably,  to  the  connection 
of  the  shorter  part  with  the  longer;  but  more  important,  I  think,  is 
the  continuous  connection  between  the  anterior  and  posterior  cross-cuts 
by  the  new  tissue  along  the  inner  side  of  the  longer  piece.  It  can 
not  be  shown  positively  that  the  latter  statement  is  correct,  but  it  is  at 
least  made  probable  by  the  following  case.  If  the  anterior  two-thirds 
of  a  worm  is  split  in  two  each  part  makes  a  new  head  and  a  new 
inner  side,  Fig.  12  (7,  if  then  one  piece  is  cut  off  near  its  base  a 
new  head  seems  to  appear  more  often  from  the  cut-surface  than  in 
the  last  experiment.  In  this  case  the  new  tissue  at  the  cut- surface 
is  not  connected  by  new  tissue  along  the  inner  side  of  the  longer 
half,  but  by  the  tissue  that  has  already  differentiated.  This  connection 
does  not  seem  to  interfere  as  much  with  the  development  of  the  cut- 
surface  as  in  the  first  case,  in  which  the  material  at  the  inner  edge 
is  new.  What  kind  of  influence,  we  naturally  ask,  can  the  anterior 
tissue  that  forms  a  head  exert  on  the  new,  posterior  tissue  through 
the  connecting  new  tissue?  It  seems  to  me  the  results  are  very 
similar  to  those  that  take  place  in  a  piece  of  a  plant,  as  when  a  twig 
is  cut  from  a  willow.  Only  the  apical  shoots  develop,  while  those 
at  the  base  of  the  piece  remain  inactive.  The  development  of  the 
former  inhibits,  in  some  way,  the  development  of  the  latter,  as  can 
be  shown  by  cutting  the  piece  in  two  near  the  base  when  the  basal 
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shoots  will  now  begin  to  develop.  That  these  phenomena  are  con- 
nected with  the  innermost  relations  between  the  parts  of  the 
organism  there  can  be,  I  think,  little  doubt.  We  are  not  able  at  present, 
and  we  may  never  be  able,  to  account  for  the  changes  themselves, 
but  every  clue  that  we  can  get  as  to  the  nature  of  the  action 
is  well  worth  following  up.  The  way  in  which  I  can  most  clearly 
picture  to  myself  the  kind  of  action  that  is  taking  place  in  these 
cases  is  that  some  sort  of  strain  must  be  present  that  controls  the 
growth.  It  is  as  though  the  anterior  part  held  in  check  the  growth 
of  the  posterior  part  by  a  pull  on  the  new  material  of  such  a  sort 
that  it  inhibits  the  growth  of  the  posterior  part.  The  result  can  not 
be  accounted  for,  so  far  as  I  can  see,  as  the  result  of  the  transfer 
of  substances,  or  of  an  imaginary  action  at  a  distance  (Fernkraft),  or 
in  any  other  way  that  has  as  yet  been  proposed.  On  the  other  hand 
the  idea  that  the  result  is  connected  with  some  sort  of  strain,  or 
tension  in  the  protoplasm  gives  us  not  only  a  new  point  of  view, 
but  enables  us  more  clearly  to  conceive  how  the  results  are  brought 
about.  It  is  as  though  the  more  anterior  region  produces  a  pull 
on  the  more  posterior  part,  and  this  pull  conteracts  the  grov«rth  of  the 
new  part.  This  same  condition  must  be  supposed  to  be  present  both 
in  the  old  as  well  as  in  the  new  part,  but  the  experiments  seem  to 
indicate  that  the  strain  is  more  strongly  exerted  through  newly  form- 
ing tissue,  than  through  old  parts,  and  in  the  new  region  this  condition 
of  strain  is  the  determining  factor  regulating  the  growth  of  the  new 
parts. 

A  very  striking  example  of  how  this  hypothesis  can  apply  is  found 
in  the  regeneration  of  the  tail  of  fishes,  especially  when  an  oblique 
cut  has  been  made.  As  I  have  shown  in  a  former  paper  (1900  B) 
the  new  tissue  feiust  be  supposed  to  have  the  same  power  of  growth 
along  the  entire  length  of  the  oblique  cut-edge,  but  we  find  that  the 
maximum  growth  takes  place  only  at  the  innermost  part  of  the  oblique 
edge,  and  is  checked  at  all  other  points  beyond  this,  and  pro- 
portionately suppressed  according  to  the  distance  of  any  point  from 
the  region  of  maximum  gro^vih.  This  holds  true  for  Fundulus  that 
has  a  rounded  tail.  A  more  interesting  case  is  thjit  of  Stenopus 
with  a  bilobed,  or  swallow-tail.  If  the  tail  is  cut  oflF  by  an  oblique 
cut  the  new  growth  is  most  rapid  near  that  part  lying  nearest  to 
the  base  of  the  tail,  where  the  lower  lobe  is  developing.  The  growth  is 
least  rapid  in  the  middle  of  the  tail,  but  increases  again  near  the 
upper  edge  where  the  upper  lobe  is  developing.  The  latter  develops 
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less  rapidly,  hovever,  than  does  the  lower  lobe.  The  maximnm 
possible  growth  takes  place  only  in  one  region;  and  in  all  other 
regions  the  growth  is  held  in  check,  so  that  the  typical  form  of  the 
tail  is  assumed.  This  regulation  of  the  rate  of  ^owth  at  different 
points  can  be,  I  think,  most  readily  conceived  as  the  result  of  a 
difference  in  tension  throughout  the  new  parts.  My  experiments 
prove,  I  think,  that  at  any  level  the  growth  may  be  as  rapid  as 
at  any  other,  that  is,  there  are  no  physiological  restrictions  in  any 
region,  except  in  so  far  as  formative  factors  inhibit  the  growth.  I 
can  picture  to  myself  much  more  clearly  this  balance  between  the 
parts  as  due  to  a  state  of  relative  strain  in  the  different  regions  than 
in  any  other  way  that  has  as  yet  been  suggested  to  account  for  this 
and  similar  phenomena  of  regeneration.  I  shall  hope  to  examine 
more  fully  in  the  near  future  the  relation  between  the  action  of  this 
supposed  strain  and  the  phenomenon  of  growth,  that  appears  also  to 
be  regulated  by  the  same  condition  of  strain.  This  statement  must  not 
be  taken  in  too  general  a  way,  for  it  is  evident  that  the  formation  of 
a  tail  at  one  end  of  a  lateral  edge  and  a  head  at  the  other,  or  of 
roots  at  the  lower  end  of  a  piece  of  a  plant  and  shoots  at  the 
other  end,  show  that  certain  kinds  of  growth  take  place  where  the 
strain  is  supposed  to  be  greatest.  My  view  is  not  that  a  condition  of 
strain  inhibits  all  kinds  of  growth,  but  that  the  relative  growth  and 
even  the  kind  of  growth  of  different  regions  is  determined  by  the 
relations  of  strain  throughout  the  ])art. 


Summary. 

1)  The  formation  of  a  heteromorphic  head  in  Planaria 
lugubris  from  the  posterior  end  of  an  anterior  piece,  Fig.  1,  is  not 
due  to  the  cut  passing  through  the  brain,  or  to  the  absence  of  a 
part  of  the  digestive  tract  in  the  piece. 

2)  From  a  piece  cut  off  just  behind  the  eyes  and,  therefore,  in 
front  of  the  entire  reproductive  system  it  is  possible  to  rear  a 
sexually  mature  worm.  Fig.  2. 

3)  Cross-pieces  of  P.  lugubris  from  the  anterior  end  of  the  body. 
Fig.  3  J,  regenerate  only  a  head  at  the  anterior  end,  but  a  long  posterior 
part  Cross-pieces  from  the  middle  of  the  worm.  Fig.  3  B,  regenerate 
an  equal  amount  anteriorly  and  posteriorly.  Cross-pieces  from  the 
posterior  end.  Fig.  3  C,  regenerate  a  long  anterior  end,  and  very 
little  at  the  posterior  end.     In  P.  lugubris  the  regeneration  takes 
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place  mainly  in  the  new  parts,  while  in  P.  maculata  the  old  part 
plays  a  more  important  role. 

4)  If  regenerating  worms  are  fed  the  old  tissue  loses  very  little 
in  amount,  and  the  new  tissue  grows  faster,  Fig.  5  B—D.  If  the 
worms  are  kept  without  food  the  old  tissue  loses  more  and  the  new 
part  grows  less,  a  smaller  worm  is  formed,  Fig.  5E — G. 

5)  The  new  head  in  half  cross-pieces,  Fig.  6^  a,  lies  nearer  the 
inner  side  of  the  piece,  and  the  inner  eye  develops  later  than  the 
outer.  The  explanation  of  the  latter  is  due  to  the  smaller  amount  of 
development  on  the  regenerating,  inner  side  of  the  piece. 

6)  The  new  head  developing  from  an  oblique  surface.  Figs.  8 
and  9,  lies  on  one  of  the  outer  sides  of  the  piece,  and  on  that  side 
that  lay  nearer  the  old  anterior  end.  Between  the  median  line  of 
the  new  head  and  the  old  median  line  a  connection  is  established 
by  obliquely  lying,  median  organs  as  shown  in  Figs.  9  6  and  f. 

7)  The  formation  of  one,  or  of  two  heads  in  the  anterior  angle 
of  a  piece  split  almost  in  two  (except  at  the  anterior  end),  and  the 
formation  of  a  half-head  by  each  half,  if  the  cut  extends  into,  and 
nearly  through  the  old  head  find  a  common  explanation  as  due  to 
the  formation  of  new  structures  at  the  anterior  end  of  the  new  mate- 
rial at  the  side.  The  new  heads  do  not  appear  to  be  heteromorphic 
formations. 

8)  If  the  anterior  end  is  split  in  two,  so  that  two  heads  are 
formed  these  heads  are  much  smaller  than  the  original  heads,  espe- 
cially if  the  division  between  them  does  not  extend  far  posteriorly, 
Fig.  12  A,  B,  If  the  anterior  end  is  split  further  posteriorly,  Fig.  12  C, 
the  new  heads  grow  to  larger  size,  and  may  even  become  nearly 
full-sized.  The  explanation  of  this  dijSTerence  is  due  to  the  area  of 
union  of  the  heads  to  the  body,  restraining  the  enlargement  of  the 
new  head,  and  its  influence  is  the  greater  in  proportion  to  its  near- 
ness to  the  new  heads.  If  the  anterior  end  is  split  into  unequal 
parts  the  new  heads  are  in  proportion  to  the  sizes  of  the  parts  on 
which  they  form,  and  their  subsequent  growth  is  determined  by  the 
area  of  the  uniting  region  and  its  distance  from  the  new  heads. 

9)  If  a  worm  has  an  anterior  and  a  posterior  half  cut-surface, 
as  shown  in  Figs.  14  A^  a  head  develops  only  on  the  anterior  surface, 
if  the  two  surfaces  are  connected  by  a  line  of  new  tissue  along  the 
inner  side  of  the  longer  half.  Fig.  14  B,  But  if  the  longer  and  the 
shorter  halves  are  kept  apart  two  heads  often  develop.  It  is  sug- 
gested that  the  influence  of  the  anterior  tissue  on  the  posterior  is  brought 
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about  by  a  tension  that  restrains  the  development  of  the  posterior 
head,  and  the  same  explanation  is  extended  to  other  phenomena  of 
regeneration. 


Zusammenfassung. 

1}  Die  Bildung  eines  heteromorphen  Eopfes  bei  Planaria  lug  a  br  is  am 
hlnteren  Ende  eines  YorderstUckes  (Fig.  1)  ist  nicht  vom  Durchgang  des  Schnittes 
dnrch  das  Gehirn  verursacht,  aach  nicht  darch  die  Abwesenheit  eines  Theils 
des  Verdanungstractas  in  dem  StUck. 

2)  Es  ist  mOglich,  von  einem  Stlick  einen  geschlechtsreifen  Wurm  zu  er- 
halten,  welches  gerade  hinter  den  Aagen  und  somit  vor  dem  gesammten  Fort- 
pflanzangssystem  abgeschnitten  wurde  {Fig.  2;. 

3)  Querabschnitte  von  Planaria  lugubris  vom  vorderen  Korperende 
(Fig.  3  J.)  bilden  lediglich  an  der  vorderen  Seite  einen  (kurzen)  Kopf,  aber  ein  langes 
Hintertheil.  Ebensolche  aus  der  Wunnmitte  (Fig.  3  B)  regeneriren  vom  und 
hinten  etwa  gleich  viel.  Querabschnitte  vom  Hintertheil  (Fig.  3  C)  regeneriren 
ein  langes  Yorderende  und  nur  selir  wenig  nach  hinten  zu.  Bei  P.  lugubris 
finden  die  Regenerationsvorgunge  lediglich  in  der  Neubildung  statt,  wahrend 
bei  P.  maculata  das  alte  Gewebe  eine  wesentlichere  Rolle  spielt. 

4)  Wenn  man  die  WUrmer  wahrend  der  Regeneration  fiittert,  so  wird  die 
Masse  des  alten  Gewebes  dabei  nur  sehr  wenig  angegriffen  und  das  neue  Ge- 
webe nimmt  rascher  zu  (Fig.  5  B—D).  Lasst  man  sie  hungem,  so  verliert  das 
aite  Gewebe  mehr  Masse,  die  Xeubildung  wachst  langsamer  und  man  erhiilt 
einen  kleineren  Wurm  (Fig.  5E^0). 

6)  Der  neue  Kopf  bei  langshalbirten  Querabsclmitten  (Fig.  Q  Aa]  liegt  niiher 
der  Medianseite  des  Stlickes  und  das  median  gelegene  Auge  entvvickelt  sich 
spater  als  das  andere.  Die  Erklarung  ftir  das  Letztere  liegt  in  der  langsamereu 
Entwickelnng  bei  der  Regeneration  der  Medianseite  des  Stlickes. 

6)  Der  neue  Kopf,  der  sich  an  einer  schiefen  Oberfiiiche  entwickelt  (Fig.  8 
nnd  9),  liegt  auf  einer  der  AuBenseiten  des  Stiickes  und  zwar  auf  der  dem  alten 
Yorderende  zunUchst  gelegenen.  Zwischen  der  alten  Mittellinie  und  der  des 
nenen  Kopfes  besteht  ein  Zusammenhang  durch  die  Schraglagerung  der  medianen 
Organe  (vgl.  Fig.  9  b  und  /*). 

7}  Die  Bildung  eines  oder  zweier  Kupfe  im  vorderen  Winkel  eines  groCten- 
tfaeils  (mit  Ausnahme  des  vorderen  Endes)  langsgespaltenen  Stiickes  und  die 
Bildung  eines  halben  Kopfes  seitens  jeder  Hiilfte,  wenn  der  Schnitt  sich  in  und 
fast  durch  den  alten  Kopf  erstreckt,  findet  eine  cinfache  Erklarung  als  veran- 
lasst  durch  die  Entstehung  Von  Neubildung  am  vorderen  Ende  des  Neumaterials 
an  der  Seite.  Die  neuen  KOpfe  scheinen  keine  heteromorphen  Bildungen  zu  sein. 

8)  Spaltet  man  das  vordere  Ende  und  veranlasst  so  die  Bildung  von  zwei 
KOpfen,  so  sind  diese  viel  kleiner  als  der  ursprlingliche  Kopf,  besonders 
wenn  die  Theilung  zwischen  ihnen  sich  nicht  weit  nach  hinten  erstreckt  (Fig.  12 
A,  B),  Wird  der  Schnitt  nach  hinten  verliingert  (Fig.  12  C),  so  wachsen  die 
beiden  Haupter  zu  bedeutenderer  GrOOe,  ja  selbst  zur  normalen.  Die  Erklamng 
dieses  Unterschiedes  hangt  ab  erstens  von  der  Breite  des  Stiickes,  zweitens  von 
der  Entfemung  des  regenerirenden  Kopfes  von  dem  gemeinsamen  KOrper. 
Spaltet  man  das  Yordertheil  ISngsweise  in  einen  breiten  und  einen  schmalen 
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Streifen,   so  entspriclit  die  GrOCc  der  neuen  Kopfe   den  vorhin  angegebencu 
Umstanden. 

9;  Hat  ein  Wnriu  eiue  halbdurchschnittcne  vordere  uud  hintere  Obcrflache 
(vgl.  Fig.  14  -4i,  so  entwickelt  sich  ein  Kopf  nur  an  der  vorderen  der  beiden  Quer- 
fliichen.  wenn  sie  durch  einen  Streifen  neuen  Gewebes  entlang  der  Innenseite 
der  grOCeren  Hlilfte  verbunden  sind  (Fig.  14  B).  Bleiben  aber  gruBere  uud 
kleinere  IIHlfte  getrennt,  so  entwickeln  sich  oft  zwei  Kopfe.  Es  wird  ange- 
nommen ,  dass  der  Einfluss  des  vorderen  Gewebes  auf  das  hintere  zu  Stande 
kommt  durch  eine  Spannung,  welche  die  Entwickehing  des  hinteren  Kopfes 
hemmt,  und  diesolbe  Erkliirung  wird  auf  audere  Regenerationserscheinungen 
ansgedehnt. 
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Regeneration  in  Tubularia  mesembryanthemum. 

By 

N.  M.  StoTeiis. 

AVitli  Plate  XVIII  anil  1  fisrnre  in  text. 


Eingegangcn  am  10.  Anofiist  1901. 


The  material  for  this  work  was  obtained  at  the  Naples  Zoological 
Station  in  June  and  July,  1900,  by  Prof.  T.  H.  Morgan,  in  connection 
with  his  study  of  regeneration  in  Tubularia. 

The  phenomena  of  regeneration  in  Tubularia,  as  observed  in  the 
living  animals,  have  been  fully  described  by  Bickford  ('94),  Driesch 
('96,  '97,  '99)  and  Morgan  ('01).  The  chief  object  of  this  paper  is 
to  give  the  histological  evidence  1)  in  regard  to  the  method  of  for- 
mation of  the  new  hydranth,  2)  in  regard  to  the  distribution  and 
function  of  the  red  granules,  —  the  so-called  red  formative  substance 
of  LoEB  ('92)  and  of  Driesch  ('99). 

Technique.  —  The  material,  consisting  of  long  and  of 
short  pieces  in  various  stages  of  regeneration,  was  fixed  in  corrosive 
acetic,  —  saturated  corrosive  sublimate  with  5  ^/q  glacial  acetic  acid. 
The  pieces  were  embedded  in  paraffine  in  the  usual  manner,  and 
sections  cut  about  5 ^i  thick,  both  transversely  and  longitudinally. 
After  experimenting  with  Heidenhain's  iron-haematoxylin  and  Dela- 
field's  haematoxylin  in  combination  with  various  plasma  stains,  it 
was  found  that  the  most  satisfactory  results  were  obtained  by  staining 
on  the  slide  with  Delafield's  haematoxylin,  running  up  to  100 ^/o 
alcohol,  and  then  treating  with  a  solution  of  picric  acid  in  100% 
alcohol,  clearing  in  xylol  and  mounting  in  balsam.  By  this  method 
the  chromatin  in  dividing  cells  is  stained  nearly  black,  the  endoderm 
granules  yellow,  the  cytoplasm  a  pale  grey,  and  the  glandular  endo- 
derm of  the  hypostome  purple. 
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Regeneration.  —  In  the  earliest  stages  of  regeneration,  after 
the  closing  in  of  the  cut  ends,  as  described  by  Morgan  ('01),  the 
Ejections  show  three  processes  to  be  going  on  simultaneously,  — 
thinning  out  of  the  distal  end,  cell  division  in  the  part  of  the  coeno- 
sarc  which  is  to  form  the  new  hydranth,  and  breaking  down  of  the 
endodermal  ridges  and  of  the  cross  bridges  between  them  in  the 
hydranth  region. 

Thin  distal  end.  —  When  thickening  of  the  coenosarc  for 
the  formation  of  a  new  hydranth  is  first  discernible,  in  pieces  not 
exceptionally  short,  the  thinner  distal  end  extends  through  from  10 
to  15  sections;  a  few  hours  later  when  the  folding  of  the  tentacle 
anlagen  begins,  it  extends  through  25  to  HO,  or  in  some  cases,  more 
sections.  As  there  is  no  evidence  of  migration  of  cells  from  this 
region,  and  the  extension  forward  observable  in  the  living  animal 
is  not  sufficient  to  account  for  the  phenomenon,  we  are  forced  to 
the  conclusion  that  the  increasing  thinness  of  the  distal  end  is  due 
to  slight  withdrawal  or  contraction  in  a  proximal  direction  of  the 
coenosarc  of  the  hydranth  region. 

An  average  section  of  the  stalk  outside  of  the  region  of  re- 
generation, and  where  no  contraction  away  from  the  wall  has  oc- 
curred is  shown  in  Fig.  1,  a  similar  section  of  stalk  slightly  contracted 
in  Fig. -2;  a  very  thin  end  in  Fig.  3,  all  being  drawn  to  the  same 
scale.  Figs.  12  and  13  are  from  distal  and  proximal  ends  of  the  same 
piece,  showing  the  relative  thickness  of  the  coenosarc  in  difi*erent 
parts  after  considerable  thickening  has  occurred  in  the  hydranth 
region,  the  distal  end  being  much  thinner  and  passing  gradually 
Into  the  thicker  region  where  rapid  cell  division  is  going  on  and 
the  cells  are  changing  from  the  cubical  or  flattened  form  of  the  stalk 
to  the  columnar  form.  Figs.  4  and  5  show  cell  division  in  both 
ectoderm  and  endoderm  together  with  breaking  down  of  the  endo- 
dermal ridges:  Fig.  4  was  taken  from  a  long  piece  in  which  the 
ridges  were  very  small,  Fig.  5  from  a  short  piece  in  which  they 
were  unusually  large.  In  the  sections  from  which  Fig.  5  was  taken, 
the  lumen  of  the  whole  piece  was  filled  with  loose  cells,  separate 
granules,  and  groups  of  granules  held  together  by  cytoplasm. 

In  two  portions  of  the  thickened  part  of  the  coenosarc  longi- 
tudinal folds  appear,  forming  the  tentacle  anlagen,  and  from  this 
time  on  most  of  the  dividing  cells  are  found  in  the  developing  ten- 
tacles. 

The  method  of  formation  of  the  proximal  circle  of  tentacles  is 
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hIiowii  in  Figs.  (3  -U,  —  a  gradual  foldiug  of  the  coeuosarc  lougi- 
tudinally;  and  a  final  pinching  off  of  the  tentacles  from  the  body  oi 
t!ie  hydranth,  the  increase  in  surface  of  ectoderm  being  due  partly 
to  cell  division,  partly  to  change  in  the  cells  from  a  more  to  a  less 
columnar  form.  These  figures  were  taken  from  the  same  series  of 
sections,  the  process  of  folding  being  always  more  advanced  at  the 
distal  than  at  the  proximal  end  of  the  anlage. 

The  distal  tentacles  of  some  long  pieces  are  formed  in  exactly 
the  same  manner,  but  in  most  cases  the  method  is  somewhat  different, 
as  sho>vn  in  Figs.  10  and  11:  a  rod  of  endoderm  is  folded  off,  and 
the  ectoderm  gradually  grows  around  this  to  form  the  tentacle,  the 
glandular  endoderm  of  the  hypostome  being  differentiated  at  the 
same  time. 

As  the  hydranth  approaches  maturity,  it  pushes  forward,  growth 
in  all  parts  still  taking  place  by  cell  division,  the  thin  end  contracts  be- 
coming a  part  of  the  hypostome,  and  opens  distally  to  form  the  mouth. 

Cell  Division.  —  Mitosis  is  more  abundant  and  continues 
longer  in  the  ectoderm  than  in  any  part  of  the  endoderm  except 
the  glandular  hypostome  region.  The  chromosomes  are  small,  very 
numerous  and  densely  crowded  together  in  all  phases. 

During  the  thickening  of  the  hydranth  region,  before  folding 
begins,  the  spindles  lie  parallel  to  the  surface  of  the  tube  .and  in 
various  positions;  but  most  of  them  are  oriented  either  transversely 
or  longitudinally  and  the  number  of  spindles  lying  in  these  two 
directions  is  approximately  equal. 

Granules.  —  In  the  sections  from  this  preserved  material,  a 
large  number  of  translucent  granules,  varying  in  size  from  less  than 
1  a  to  8.5  f.1  in  diameter  were  observed  in  the  endoderm  of  both 
adult  and  regenerating  specimens  (Figs.  4  and  5  g).  These  granules 
stain  various  shades  of  yellow  and  orange  with  picric  acid.  They 
are  very  abundant  in  the  ridges  of  the  old  stalk,  in  the  endoderm 
of  the  tentacle  anlagen  and  in  the  endoderm  of  the  newly  formed 
tentacles,  while  in  the  thin  end  and  in  the  hypostome  region  they 
are  very  rare  (Figs.  3  and  6 — 11).  They  are  also  abundant  in  the 
lumen  of  sections  that  show  disintegration  of  the  ridges,  especially 
in  short  pieces  with  large  ridges  (Fig.  5). 

It  was  thought  at  first  that  these  might  be  the  red  granules 
described  by  the  various  authors.  Fortunately  I  was  able  to  obtain 
at  Woods  HoU,  Mass.,  a  nearly  related  species  Tubularia  crocea 
,l*arypha  crocea].     The  endoderm  granules  were  identified  both  in 
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living  material,  and  in  sections  from  pieces  fixed  and  stained  like 
the  Naples  material.  In  the  living  tissue,  they  were  translucent, 
colorless,  or  slightly  yellowish,  and  identical  in  form,  size  and  distri- 
bution with  the  yellow  granules  of  the  sections  of  Tabularia  me- 
sembryanthemum. 

In  the  same  cells  and  also  in  other  parts  of  the  endoderm 
were  found  the  irregular  grains  and  masses  of  red  pigment,  which 
in  the  Naples  material  had  been  dissolved  out  by  the  alcoliol.  Pieces 
fixed  in  corrosive  acetic  and  embedded  as  quickly  as  possible  showed 
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Uogenerating  Tnbnlaria  crocea  extruding  waste  pitrment  derived  from  ditiintegration 

of  endodermal  ridges. 

8ome  of  the  pigment  remaining  in  parts  of  the  hydranth  where  it 
was  most  abundant,  but  it  had  all  disappeared  in  stalk  and  ten- 
tacles where  the  granules  were  scattered. 

Observation  of  regenerating  pieces  of  I'ubularia  crocea  showed 
diat  the  red  particles  seen  in  the  circulation  of  this  form,  —  and 
doubtless  the  same  is  true  for  the  Naples  species,  —  come  with  tlie 
other  debris  with  which  the  circulation  is  filled  a  few  hours  after 
cutting,  from  the  disintegrating  ridges.  Pieces  were  opened  and  the 
circulating  material  examined  under  a  sufficiently  high  power  to  identify 
nuclei,  translucent  endoderm  granules,  and  red  pigment  granules. 

Moreover,  in  this  species,  the  newly  formed  hydranth,  very  soon 
^r  emerging  from  the  tube,  disgorges  one  or  more  large  masses 
ot  red  pigment  granules,  practically  free  from  other  cell  material. 
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In  short  pieces  the  pigment  mass  is  thrown  out  within  the  cocno- 
sarc  (Figs.  B  and  C).  Except  for  these  pigment  masses,  the  circulating 
liuid  is  at  this  time  clear  aud  free  from  red  granules.  The  indication 
is  tliat  the  red  granules,  far  from  being  » formative  substance*,  arc  in 
fact  the  only  part  of  tlie  cell  material  from  the  disintegrated  endo- 
dermal  ridges,  which  the  animal  cannot  make  use  of  in  regenerating 
a  hydranth,  and  therefore  rejects  at  the  first  opportunity. 

Conclusions. 

1)  In  regeneration  of  Tubularia  mesembryanthemum,  cell 
division  in  both  ectoderm  and  cndoderm  is  an  important  factor  in 
producing  the  increased  amoimt  of  tissue  required  to  form  a  hydranth. 

2)  Cell  division  here  occurs  in  the  ordinary  large  cndoderm  and 
ectoderm  cells,  —  not  in  interstitial  cells  nor  in  any  specialized 
germ  cells. 

8)  The  region  of  theVold  stalk  thickened  by  growth  accom- 
panied by  cell  multiplication,  is  remodeled  into  the  hydranth  form, 
cell-division  going  on  during  the  process  of  transformation. 

4)  The  red  granules  seen  in  the  circulation  of  regenerating 
pieces  of  Tubularia  are  derived  from  the  disintegrating  endodennal 
ridges,  and  are  ejected  by  the  young  hydranth  soon  after  it  emerges 
from  the  tube.  They  are  waste  material  rather  than  » formative 
snbstance*. 

Woods  Holl,  Mass.,  Aug.  19C)1. 

Zusanfimenfassung. 

1)  Bei  der  Kef^eiieratiou  vou  Tubularia  niesembryanthemum  sind  Zellthei- 
lungen  sowohl  im  Ektoderm  wie  iiii  Entoderm  eiu  wichtiger  Faktor  bei  der 
IleiTorbringiiug  des  Gewebs'/aiwachses,  der  zur  Bildunp:  eines  neucn  Hydranten 
ertbrderlieh  ist. 

2;  Man  begeguet  der  Zelltheiluug  dabei  in  den  groCen  Entx)derm-  uiid 
Ektodermzellen.  nicht  in  den  inter^titiellen  Zellen  oder  irgend  welcheu  speciali- 
sirten  Keimzellen. 

3)  Der  urspriingliche  Stielbezirk.  verdlckt  durch  WacliBthunisvorgiinge  init 
Zellvermehrnng,  wird  zur  Hydrant-Gestalt  uingebildct.  indem  die  Zelltheilungen 
wiibrend  ties  Uinbildung8pro(;es»e8  andauern. 

4)  Die  bei  der  Cirkulation  in  den  in  Regeneration  begrifFenen  8tllcken  be- 
obacliteten  rotlien  Ki)rnchen  stamnien  von  dem  Zerfall  der  endodermalen  Be- 
standtheile  her  und  werden  von  deni  juugen  Hydranten  bald  nach  dessen  Auf- 
tauclien  aus  der  KOhre  ausgeworfen.  Sie  sind  viel  niehr  Uberfliissiges  unorgani- 
ijirtes  Material  als  Bildung^substanz. 
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Since  this  paper  was  written,  I  have  been  able  to  study  Tubu- 
laria  mesembryanthemum  at  Naples,  and  have  again  observed  the 
ejection  of  red  pigment  granules  (Figs.  A — Z>).  The  phenomenon  is 
not  so  striking  in  this  species,  because  the  ridges  are  smaller  and 
fewer  in  number ;  the  amount  of  pigment  thrown  into  the  circulating 
fluid  from  the  disintegrating  ridges  is  therefore  so  much  less  that 
the  phenomenon  might  easily  elude  observation. 

Naples,  Oct.  26,  1901. 
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Description  of  Figures. 
Plate  xvm. 

Magnification:  Figs.    1 — 11  Zeiss  D,  oc.  8,  Cam. 

Figs.  12— 13      -      A,    -     8,      - 

ec  ectoderm,  en  endoderm,  <j  endoderm  granules. 

Fig.  1.  Section  from  stalk  2—3  mm  proximal  to  tentacle  anlagen,  not  contracted 
away  from  the  perisarc. 

Fig.  2.    Similar  section  slightly  contracted. 

Fig  3.    Section  from  thin  distal  end. 

Fig.  4.    Section  from  hydranth  end  of  a  long  piece  with  small  ridges  breaking  down. 

Fig.  5.  Section  from  a  short  piece  with  large  ridges,  showing  cell  division  and 
disintegration  of  ridges.  • 

Figs.  6 — 9.  Sections  from  proximal  tentacle  aniage,  showing  successive  stages 
in  the  process  of  tentacle  formation. 

Figs.  10 — 11.  Sections  from  distal  tentacle  aniage,  showing  simultaneous  fold- 
ing off  of  tentacle  endodenn,  and  differentiation  of  the  glandiUar  endo*' 
derm  of  the  h}T)ostome. 

Fig.  12.  Longitudinal  section,  showing  relation  of  thin  end  to  the  thickening 
hydranth  region. 

Fig.  13.    Proximal  end  of  same  piece. 
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Notes  on  Regeneration  in  Planaria  lugubris. 

By 

N.  M.  Stevens. 


With  Plate  X\"ll  and  2  figures  in  text. 


Eingegangen  am  16.  August  1901. 


Planaria  Ingubris,  a  species  of  planarian  found  in  considerable 
abundance  in  the  streams  about  Bryn  Mawr,  has  been  the  subject 
of  many  of  Prof.  T.  H.  Morgan's  experiments  in  regeneration. 
Comparing  the  results  of  such  experiments  on  this  form  and  od 
Planaria  maculata,  he  observed  that  the  two  species  were  somewhat 
diflPerent  in  their  method  of  regeneration.  It  was  therefore  thought 
to  be  advisable  to  investigate  the  histological  side  of  the  question, 
in  order  to  determine,  if  possible,  whether  the  new  tissue  which 
appears  at  the  cut  surface  in  much  greater  amount  in  P.  lugubris 
than  in  P.  maculata,  results  from  migration  of  cells  from  the  old 
part,  or  from  cell  multiplication  at  the  cut  surface  and  later  in  the 
new  part,  or  from  both  processes.  The  differentiation-  of  tissues 
and  organs  out  of  the  new  material  will  also  be  considered. 

The  planarians  were  collected  from  partially  submerged  green 
plants  and  from  the  undersides  of  dead  leaves  along  the  margins^ 
of  rapidly^  running  streams  in  October  and  November,  1900,  and 
again  on  the  undersides  of  flat  stones  in  the  same  streams  in  April 
and  May,  1901.  During  the  winter  they  were  kept  in  covered  crys- 
tallization dishes,  in  spring  water  which  was  changed  every  two  days. 
They  were  fed  on  pieces  of  earthworm  which  they  ate  ravenously, 
and  seemed  to  thrive  upon,  reaching  their  maximum  size  and  holdmg 
it  as  long  as  fed. 

Technique.  —  The    planarians   were   cut   in   various  planes; 
the  pieces  were  kept  in  spring  water,  which  was  changed  daily,  and 
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were  fixed  at  interyals  of  a  few  hours  in  corrosive  acetic,  —  saturated 
corrosive  sublimate  and  3 — 5  %  glacial  acetic  acid.  After  the  usual 
processes  of  hardening  in  alcohols,  embedding  in  parafQne,  and 
sectioning,  the  material  was  stained  with  Delafield^s  haematoxylin, 
and  difiPerentiated  with  orange.  Other  combinations  of  stains  were 
tried,  but  this  method  gave  the  best  differentiation  of  both  old  and 
new  tissue. 

All  nuclei,  with  the  exception  of  those  of  the  ova,  are  stained 
blue  or  purple;  the  spermatozoa  and  the  chromatin  of  dividing  cells 
are  a  deep  blue  and  very  sharply  defined;  the  mucus  and  the 
cytoplasm  of  the  ova  are  also  blue.  The  rhabdites  are  black  or 
sometimes  dark  brown.  Muscle  fibres,  fat  cells,  eosinophile  leuco- 
cytes, endoderm  cells  of  the  pharynx,  and  granules  of  the  endoderm 
cells  of  the  alimentary  tract  and  of  the  yolk  cells  are  stained  yellow 
or  orange.  Nucleoli  of  the  ova,  endoderm  and  yolk  nuclei  are  also 
yellow. 

Method.  —  Though  most  of  the  work  was  done  on  microscopical 
sections,  observations  were  also  made  on  the  living  material,  with 
measurements  and  drawings  to  scale.  Two  series  of  such  drawings, 
showing  changes  in  form  —  >morphallaxi8«  (Morgan)  —  appearance 
and  location  of  eyes  and  pharynx,  are  reproduced  in  Figs.  -4,  a—h^ 
a  piece  from  the  region  between  the  neck  and  pharynx,  and  JB,  a— A, 
a  tail  piece  cut  just  posterior  to  the  genital  pore.  These  pieces  were 
taken  from  a  worm  that  had  been  kept  in  the  laboratory  about  five 
months,  and  though  it  was  apparently  healthy,  regeneration  was 
slower  than  in  worms  fresh  form  the  stream  where  they  were  collected. 
The  drawings  were  made  at  intervals  of  two  or  three  days  during 
a  period  of  nineteen  days.  The  general  changes  in  form  have  been 
described  and  figured  by  Morgan  ('00).  It  will  be  noticed  in 
comparing  the  two  series  that  changes  in  form,  as  well  as  development 
of  eyes  and  pharynx  are  more  rapid  in  the  prepharynx  piece  than 
in  the  tail  piece.  The  change  in  form  of  the  head  from  Ad  to  Ae^ 
and  from  Bf  to  Bg  should  be  noted;  also  the  projection  of  the  old 
part  forward  between  the  eyes  and  backward  or  forward  on  either 
side  of  the  pharynx  (Fig.  A,  d—h.  Fig.  J5,  e — h) :  these  points  will  be 
discussed  later  in  connection  with  the  sections. 

Ectoderm.  —  For  microscopical  study  of  the  process  of  closing 
in  of  the  cut  end,  material  was  fixed  at  intervals  of  two  hours  after 
cutting. 

In  some  cases   the  wound  is  closed  by  immediate  contraction 
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Fig.  A.    Piece  cut  anterior  to  the  pharynx  on  Apr.  27,  ftrom  a  specimen  which  had  been  kept  abovt 

five  months  in  the  laboratory.    X  pharynx  anlage. 
Fig.  B.    Tail  piece  from  same  worm  cnt  jnst  posterior  to  genital  pore. 
The  figures  in  both  cases  are  from  freehand  drawings  to  scale,  length  and  breadth  having  bees 
measured  l>y  watching  the  animal  crawl  over  a  millimeter  scale  placed  nnder  the  glass  dish. 
a    2  days  after  cutting  e    11  days  after  cutting. 
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of  the  sarronnding  muscles,  and  subsequently  by  overgrowth  of 
ectoderm,  without  loss  of  tissue;  but  in  most  eases  there  is  to  be 
observed  in  both  living  material  and  in  the  sections  an  extension  and 
sloughing  oflF  of  considerable  material  from  the  cut  end  during  the 
first  hour  after  cutting  and  of  some  cells  later  during  the  relaxation 
of  the  muscles  and  overgrowth  of  the  ectoderm.  The  new  covering  of 
ectoderm  is  frequently  burst  open  in  fixation  or  broken  in  section- 
ing, but  it  is  usually  not  difficult  to  distinguish  such  breaks  from 
cases  of  incomplete  closing. 

The  time  required  for  complete  closing  over  of  the  end  by 
ectoderm  cells  varies  greatly  without  apparent  cause:  some  sections 
show  perfect  closure  after  ten  hours,  others  not  after  twenty-four 
hours.  Fig.  1  a,  PL  XVII  shows  the  appearance  of  a  longitudinal  dorso- 
ventral  section  of  a  piece  anterior  to  the  pharynx,  sixteen  hours  after 
cutting.  The  covering  of  the  cut  surface  is  eflFected  not  by  multipli- 
cation of  ectoderm  cells,  nor  by  diflferentiation  of  new  ectoderm  cells 
from  internal  embryonic  tissue,  but  by  elongation  and  forward 
movement  of  the  old  ectoderm  cells  on  the  margin  of  the  wound, 
the  greater  part  of  the  surface  being  covered  by  the  longer  cells 
from  the  dorsal  side.  Fig.  1  c  shows  approaching  ectoderm  cells 
in  another  section  of  the  same  piece. 

Every  section  mounted  during  the  year  has  been  carefully 
examined  for  karyokinesis  in  the  ectoderm  of  the  new  part,  but  no 
undoubted  case  of  it  has  been  discovered.  Fig.  1  h  shows  a  peculiar 
aggregation  of  nuclei  common  in  ectoderm  that  has  recently  closed  in. 
Possibly  we  may  have  here  direct  division  of  the  nuclei,  but  there  is 
no  certain  evidence  that  such  is  the  case.  Boundary  lines  between 
the  ectoderm  cells  in  the  stage  shown  in  Fig.  3  are  difficult  to  make 
out,  but  the  ectoderm  is  perfectly  distinct  in  outline  and  staining 
qualities  from  the  other  cells.  The  cells,  as  they  move  forward  always 
have  a  thin  layer  of  pigment  on  their  outer  border  and  occasionally 
a  rhabdite  is  carried  along  (Fig.  1  a — c). 

By  the  fourth  or  fifth  day,  the  new  ectoderm,  at  first  extremely 
thin  and  appearing  more  like  a  syncytium  than  a  layer  of  flat  cells, 
assumes  its  usual  appearance,  —  cubical  or  columnar  cells  filled 
with  rhabdites.  There  is  no  evidence  of  further  migration  of  old 
ectoderm  cells  after  the  first  closing  in,  nor  has  cell-division  been 
observed  in  either  regenerating  ectoderm,  or  embryonic  ectoderm; 
but  in  both,  many  cells  containing  rhabditis  appear  to  be  migrating 
into  the  ectoderm. 
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Parenchyma,  Undifferentiated  Tissue.  —  Scattered  among 
the  muscle  fibres,  gland  cells  and  excretory  tubes,  between  the 
digestive  tract  and  the  external  layers  of  muscle  of  the  mature  pla- 
narian  are  cells  of  the  type  shown  in  Fig.  2  a — d.  These  cells  have 
finely  granular  bodies  and  rather  small,  deeply  staining  nuclei.  Some 
have  longer  processes  and  closely  resemble  stellate  or  embryonic 
connective  tissue  cells  of  higher  animals ;  others  have  the  appearance 
of  wandering  cells,  or  leucocytes.  These  cells  are  rarely  found 
dividing  in  the  normal  adult  worm,  but  in  the  pieces,  perhaps  at  the 
stimulus  given  by  the  injury,  they  begin  to  multiply  even  before  the 
ectoderm  has  completely  closed  over  the  cut  By  the  time  that  the 
ectoderm  covering  is  complete  there  is  a  well  defined  layer  of  these 
undiflferentiated  cells,  many  of  them  in  various  stages  ofkaryokinesis, 
between  the  new  ectoderm  and  the  old  internal  tissue  (Fig.  la). 

The  amount  of  this  embryonic  tissue  increases  rapidly  by  division 
of  its  own  cells  and  also  probably  to  some  extent  by  migration  oi 
similar  cells  from  the  old  tissue;  for  a  great  many  of  the  embryonic 
or  parenchyma  cells  described  above,  are  dividing  in  the  old  tissue 
near  the  wound  and  even  throughout  short  pieces  cut  at  both  ends, 
without  any  apparent  increase  in  the  number  of  such  cells  in  the 
region.  Eosinophile  leucocytes,  probably  migrants  from  the  old 
part,  are  occasionally  seen  among  the  embryonic  cells  of  the 
new  part. 

Differentiation  of  new  tissue.  —  After  about  forty  hours,  in 
cases  of  very  rapid  regeneration,  and  in  most  cases  during  the  third  day, 
differentiation  of  embryonic  cells  into  muscle  cells,  rhabdite  and 
mucus  secreting  cells,  and  endoderm  cells  may  be  observed;  also  the 
penetration  of  nerve  fibres  and  of  branches  of  the  digestive  tract  from 
the  old  into  the  new  part,  and  the  beginning  of  a  new  pharynx. 

Development  of  muscle  cells  is  shown  in  Fig.  3.  Longitudinal 
striation  is  much  more  conspicuous  in  the  early  stages  of  differen- 
tiation than  later,  when  the  fibres  appear  nearly  homogeneous. 

Mucous  cells  are  easily  distinguished  by  the  purplish  bro>vn 
staining  of  the  cytoplasm,  and  larger  nucleoli  (Fig.  4). 

Endoderm  cells  have  the  granular  appearance  of  embryonic  cells, 
but  the  granules  are  larger,  more  irregular  and  stain  with  the  orange: 
they  also  have  conspicuous  nucleoli. 

Rhabdite  secreting  cells  are  chiefly  conspicuous  for  the  presence 
of  the  deeply  staining  elliptical  rhabdites.  The  cytoplasm  of  these 
cells   is  more  transparent  —  free  from  granules  —  than  is  that  of 
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the  other  cells,  and  both  body  and  nnclens  of  the  cell  are  irregular 
in  ontline. 

Pharynx.  —  The  pharynx  in  this  species  always  appears  in 
the  new  tissue  next  to  the  old  part  as  is  indicated  by  the  crosses 
in  Fig.  AhjC  and  B  b,  c.  When  the  location  of  a  new  pharynx  is 
first  distinguishable  in  sections,  —  from  the  second  to  the  fourth  day, 
according  to  the  part  of  the  animal  from  which  the  piece  is  taken, 
and  the  condition  of  the  worm,  —  it  is  merely  a  part  of  the  em- 
bryonic mass,  where  cells  are  somewhat  smaller  and  more  closely 
packed  together  than  elsewhere.  At  this  stage  dividing  cells  may  be 
observed  in  the  pharynx  region,  and  in  both  prepharynx  and  tail 
pieces  the  digestive  tract  is  advancing  along  the  right  and  left  sides, 
to  unite  in  front  of  the  pharynx  in  tail  pieces  and  form  an  axial 
gut:  evidently  in  this  case  the  presence  of  an  axial  gut  does  not 
determine  the  location  of  the  pharynx,  as  Bardeen  ('01)  thinks  that 
it  does  in  every  case  in  P.  maculata.  After  a  time  cell  division 
ceases  in  the  region  of  the  new  pharynx  and  differentiation  of 
epithelium  begins  near  the  centre  of  the  mass  of  cells.  These 
epithelial  cells  can  be  distinguished  by  their  increased  size  and  by 
the  yellow  staining  of  their  cytoplasm.  This  differentiation  proceeds 
forward  and  backward  and  results  in  the  axial  cavity  of  the  pharynx. 
Meanwhile  a  break  appears  in  the  posterior  part  of  the  region  to 
form  the  beginning  of  the  pharynx  chamber,  which  gradually  extends 
forward  around  the  developing  pharynx.  The  embryonic  cells  on 
the  surface  of  the  chamber  develop  into  the  characteristic  lining  cells 
of  different  parts. 

Fig.  6  shows  the  new  pharynx  in  a  horizontal  section  from  a 
prepharynx  piece,  killed  after  five  and  a  half  days.  Here  the  axial 
opening  of  the  pharynx  has  made  connection  with  the  axial  gut  of 
the  old  part,  the  pharynx  chamber  is  partly  formed,  but  the  cells  are 
only  slightly  differentiated  from  the  embryonic  condition. 

Fig.  7  is  from  a  longitudinal,  dorso-ventral  tail  piece  5  days 
after  cutting,  and  shows  a  similar  stage  with  the  mouth  opening 
already  indicated.  Connection  of  the  pharynx  with  the  alimentary 
tract  appears  in  another  section. 

From  this  point  on,  it  is  simply  a  question  of  further  diflfereu- 
tiation  of  some  of  the  embryonic  cells  into  the  epithelium  cells 
characteristic  of  the  different  parts  of  the  pharynx  and  its  chamber; 
of  others  into  muscle  cells,  gland  cells  and  nerve  cells,  and  finally 
the  fonnation  of  a  mouth-opening,  l)y  inturning  of  surface  ectoderm. 
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Fig.  8  shows  a  case  where  a  small  portion  of  the  old  pharynx 
was  accidentally  left  on  the  piece.  The  line  x — x  shows  the  division 
line  between  old  and  new  tissue  as  indicated  by  the  diflferent  stainin'r 
qualities  of  old  and  new  i)harynx  tissue.  In  this  and  other  similar 
cases  we  find  a  portion  of  the  old  pharynx  chamber  left  when  the 
end  closed  in.  The  piece  was  fixed  after  forty-six  hours  and  the 
new  part  of  the  pharynx  is  much  farther  advanced  than  in  any  case 
where  the  new  organ  is  not  formed  in  connection  with  a  part  of 
the  old. 

In  several  cases  a  part  of  the  genital  region  was  included  in  a 
tail  piece,  the  cut  having  been  made  through  the  genital  pore  or  just 
in  front  of  it.  In  such  cases  the  appearance  of  the  pharynx  is 
delayed,  but  finally  comes  in  on  the  anterior  margin  of  the  portion 
of  the  genital  cavity  included  in  the  piece  (Fig.  11). 

In  pieces  containing  the  old  pharynx  uninjured,  no  new  pharynx 
is  formed,  but  the  old  pharynx  remains  functional. 

Digestive  tract.  —  The  first  advance  of  the  digestive  tract 
from  the  old  into  the  new  part  of  the  regenerating  planarian  seems 
to  be  a  mass  movement,  in  posterior  pieces,  of  two  branches  on 
either  side  of  the  region  where  the  new  pharynx  is  forming  and  in 
anterior  pieces  of  the  axial  gut.  With  the  branches  of  the  digestive 
tract  goes  a  considerable  amount  of  the  adjacent  tissue  especially 
on  the  dorsal  side  where  the  ectoderm  also  advances.  This  was 
first  noticed  in  such  pieces  as  are  figured  in  Fig.  A,  where  the 
old  part  is  represented  as  extending  backward  on  either  side  of 
the  pharynx  (Fig.  ^1,  d—h).  It  was  also  observed  that  there  was 
a  similar  extension  forward  between  the  eyes,  and  that  these  pro- 
jections were  confined  to  the  dorsal  side.  The  accuracy  of  this 
observation  was  then  confirmed  by  the  examination  of  corresponding 
sections.  Fig.  0  shows  a  stage  similar  to  Fig.  A  d  but  from  more 
rapidly  regenerating  material.  The  dotted  line  x — r,  .r — x  show 
the  division  between  old  and  new  tissue.  Similar  figures  could  be 
drawn  from  other  pieces. 

This  pushing  forward  of  the  old  digestive  tract  is  however  only 
a  beginning  of  the  i)roce8S  by  which  the  new  region  is  supplied  with 
its  alimentary  branches.  It  is  impossible  to  state  positively  the 
manner  in  which  this  is  eflfected.  The  one  point  that  is  certain  is 
that  the  new  branches  bud  out  from  the  old  tract  making  use  of  the 
reserve  cells  which  lie  at  the  base  of  the  active  endodcrm  cells. 
Occasionallv  one  of.  these  reserve  cells  is  found  in  karvokinesis,  but 
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soch  cases  are  too  rare  to  account  for  the  rapid  growth  of  the  new 
branches.  Cell  division  is,  however,  abundant  in  the  embryonic  cells 
around  these  growing  branches  and  among  these  cells  are  found 
some  such  as  are  shown  in  Fig.  5  a.  These  I  have  called  endo- 
derm  cells  for  they  are  exactly  like  those  of  the  ends  of  the  new 
branches,  —  cytoplasm  granular  and  staining  with  orange  nucleus 
with  a  conspicuous  nucleolus.  The  only  explanation  that  I  see  at 
present  for  the  growth  of  the  digestive  branches  without  multi- 
plication of  their  own  cells,  is  that  endoderm  cells  are  diflFerentiated 
in  the  embryonic  area,  and  are  applied  to  the  branches  which  originate 
in  the  old  digestive  tract. 

Excretory  System.  —  As  is  well  known,  the  excretory  or 
nephridial  system  of  these  planarians  consists  of  a  complicated 
system  of  branching  tubes  penetrating  all  the  loose  tissue  between 
the  digestive  system  and  the  ectoderm,  but  more  abundant  on  the 
dorsal  side  and  there  opening  to  the  exterior  between  the  ectoderm 
cells,  the  tubes  extending  through  the  basement  membrane  and 
between  the  surface  cells  nearly  to  their  distal  ends. 

In  sections,  the  boundaries  between  the  cells  that  compose  these 
tubes  is  not  evident. 

In  sections  taken  from  pieces  from  three  to  five  days  old,  one 
of  these  tubes  is  found  extending  into  the  new  part  at  the  head  end 
just  dorsal  to  the  digestive  tract.  Figs.  10  a  and  h  show  cross  sec- 
tions of  such,  and  c  a  longitudinal  section  from  a  piece  5  days  old: 
the  dotted  lines  indicate  approximately  the  boundary  between  old 
and  new  parts,  the  branching  end  being  in  the  new  part.  Thus 
the  regeneration  of  the  excretory  system,  like  that  of  the  digestive 
takes  place  in  connection  with  the  old  tubes,  but  how  the  sections 
do  not  show.  Karvokinesis  has  not  been  observed  in  the  nuclei  of 
the  tubes,  however,  making  it  seem  probable  that  cells  are  added 
from  the  embryonic  region. 

Nervous  System.  —  The  nervous  system  also  regenerates  in 
connection  with  the  part  left  in  the  original  piece,  as  described  by 
Flexner  ('98)  for  P.  torvo  (maculata).  The  nerve  tracts  extend  into 
the  new  part  and  a  large  number  of  embryonic  cells  group  themselves 
around  these  advancing  tracts,  and  become  the  nerve  cells  of  the  new 
part.  Here  again,  no  cell  division  has  been  observed  in  the  nerve 
cells  of  the  old  nerve  tract.  In  ordinary  sections  it  is  almost  im- 
possible to  distinguish  nerve  cells  from  parenchyma  or  undiflFerentiated 
cells  unless  their  fibres  can  be  traced. 

26* 
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The  only  diftercucc  in  the  appearance  of  the  nuclei  iu  my 
preparations  is  a  slightly  brownish  shade  while  the  nuclei  of  the 
embryonic  cells  before  diflferentiation  are  decidedly  blue.  The  nerve 
fibres  are  more  easily  traced  in  specimens  that  have  not  been  fed 
for  several  weeks  before  cutting:  the  other  tissues  degenerate  some- 
what while  the  nervous  tissue  does  not  to  nearly  the  same  extent. 
A  specimen  starved  for  18  weeks  showed  head  ganglia  nearly  as 
large  as  those  in  corresponding  specimens  fed  during  the  same  time, 
while  the  other  tissues  were  much  reduced;  everything  in  the  shape 
of  fat  or  yolk  material  having  entirely  disappeared,  and  the  actual 
size    of    the    animal    having    been    reduced    from    11x3    mm  to 

3  X  '^4  ui™- 

Fig.  7  shows  the  grouping  of  undifferentiated  cells  around  the 
fibre  region  of  a  ganglion,  developing  in  a  5- day  tail  piece:  other 
sections  of  the  scries  show  the  connection  with  the  old  nerve  tract. 

Many  of  the  nerve  cells  appear  to  be  unipolar :  the  process  can 
be  traced  only  a  short  distance  in  the  nerve  tract.  Occasionally  a 
distinctly  bipolar  cell  is  observed  (Fig.  11)  with  processes  running 
lengthwise  in  the  lateral  cords. 

The  head  ganglia,  or  brain,  and  the  connecting  commissure  are 
usually  well  developed  in  6  or  7-day  pieces,  and  by  the  9**^  or 
10*^^  day  connections  with  ectoderm,  eyes  and  lateral  sense  organs 
are  completely  formed.  The  time  of  regeneration  varies  so  much 
that  it  is  impossible  to  specify  exactly,  but  the  regeneration  of  the 
various  parts  runs  along  in  parallel  lines.  Certain  stages  of  deve- 
lopment of  pharynx,  eyes  and  brain  always  appear  together  (Figs.  6 
and  7,. 

Eyes.  —  The  eyes  are  first  seen  in  sections  from  the  third  to 
the  fifth  day,  earlier  in  anterior  than  in  posterior  pieces.  The 
earliest  trace  of  them  that  I  have  found  was  in  a  3 -day  pre- 
pharynx  piece;  here  each  eye  was  represented  by  three  cells 
containing  a  few  of  the  characteristic  coarse  brown  pigment  grains, 
large  nuclei  and  fibrillar  cytoplasm. 

These  first  eye  cells  arc  very  deeply  placed  in  the  embryonic 
material,  and  judging  from  the  position  of  older  pieces  killed  from 
day  to  day ,  more  cells  must  be  added  on  the  dorsal  side  of  the 
group.  Fig.  12  shows  an  eye  from  a  piece  6  days  old.  There  is 
no  evidence  that  these  eye-fonning  cells  sink  in  from  the  ectoderm, 
and  the  fact  that  the  eye  is  first  apparent  as  a  small  group  of  deeply 
placed  cells  which  is  gradually  added  to,   indicates  that,   as  in   the 
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case  of  all  the  other  tissue  except  possibly  the  ectoderm,  they  arise 
from  diflferentiation  of  some  of  the  embryonic  cells. 

Auricular  Sense  organs.  —  After  the  brain  is  well  developed 
in  the  new  part,  there  are  difterentiated  in  the  region  of  the 
auricular  appendages  a  series  of  sense  organs  which  arc  connected 
with  the  brain,  each  by  a  conspicuous  nerve  cord.  Each  of  these 
organs,  as  seen  in  section,  consists  of  a  group  of  from  three  to  five 
cells  shorter  and  broader  than  the  surrounding  epithelium  (Fig.  13). 
They  contain  no  rhabdites  and  only  a  little  pigment  at  the  distal 
end.  The  nuclei  are  somewhat  larger  and  spherical,  while  the  nuclei 
of  the  surrounding  ectoderm  cells  are  oval.  The  cells  have  longer 
and  more  numerous  cilia  than  the  other  ectoderm  cells,  are  more  richly 
enervated  and  are  connected  by  a  large  nerve  cord  with  the  brain. 
These  organs,  visible  with  a  hand  lens  in  mature  worms,  are  pro- 
bably organs  of  smell  or  taste. 

Reproductive  System.  — A  careful  study  of  the  regeneration 
of  the  reproductive  organs  has  not  yet  been  made,  but  the  work  is 
now  in  progress.  The  tail  pieces  of  this  species,  cut  behind  the 
genital  pore  are  especially  favorable  for  this  purpose  as  they  contain 
no  part  of  the  old  reproductive  system,  unless  the  yolk  glands  are  to 
be  regarded  as  such. 

Changes  in  the  Old  Part.  —  The  changes  in  the  old  part  of 
a  regenerating  planarian,  which  are  evident  in  sections,  are,  — 
1)  Division  of  parenchyma  cells,  especially  near  the  regenerating 
surface,  and  probable  migration  of  the  same,  as  such  cells  do  not 
accumulate  in  the  old  part,  nor  do  they  seem  to  decrease  in 
number.  2)  Disappearance  of  food  granules  from  the  endoderm  cells 
and  desquamation  of  the  vacuolar  distal  portion  of  many  endoderm 
cells,  the  desquamated  material  appearing  as  rounded  masses  in  the 
lumen  of  the  digestive  tract,  usually  after  all  food  granules  have 
disappeared.  3)  Disintegration  of  yolk  cells  and  consumption  of  the 
resulting  fragments  by  endoderm  and  leucocytes.  Portions  of  these 
yolk  cells,  some  of  them  containing  nuclei  may  be  seen  in  the  active 
endoderm  cells,  loose  among  the  parenchyma  cells,  and  in  the  grasp 
of  the  reserve  endoderm  cells  and  of  leucocytes. 

This  phenomenon  may  be  best  obser\ed  in  tail  pieces  of  well 
fed  specimens,  from  ten  to  twenty  days  after  cutting.  In  a  fifteen 
days  specimen  the  yolk  glands  at  the  end  of  the  tail  are  intact, 
while  those  farther  forward  are  more  or  less  broken  down,  and  near 
the  new  part  only  rounded  fragments  are  found. 
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TluH  consumption  of  food  material,  much  of  it  doubtless  going 
to  the  regenerating  paii;  of  the  animal,  and  the  decrease  in  bulk  of 
the  endoderm,  probably  account  for  the  decrease  in  size  of  the 
original  piece,  and  in  part  for  the  change  in  form  of  such  specimens 
as  are  represented  in  Figs.  .1  and  11. 


Conclusions. 

1)  The  ectoderm  of  the  regenerated  regions  of  Planaria  lugubris 
is  formed  primarily  from  the  old  ectoderm  cells  on  the  margin  of 
the  cut  surface.  Later  increase  in  the  new  ectoderm  is  probably 
due  to  migration. 

2)  The  new  embryonic  material  which  appears  at  a  cut-surface 
results  from  multiplication  of  the  so-called  embryonic  or  parenchyma 
cells  at  that  surface,  and  also  probably  from  migration  of  similar 
cells  from  the  old  part  where  karyokinesis  is  abundant  in  such  cells. 

3)  The  muscle  cells,  gland  cells  and  nerve  cells  of  the  new 
part  are  diflferentiated  from  the  embryonic  cells. 

4)  The  new  pharynx  always  appears  in  the  new  tissue  on  the 
border  of  the  old  part.  It  is  diflferentiated  entirely  from  the  new 
embryonic  tissue.  A  new  pharynx  is  not  formed  when  the  old  pha- 
rynx is  left  uninjured  in  the  piece.  If  a  part  of  the  pharynx  is  cut 
off,  it  is  completed  by  regeneration  at  the  cut  end. 

5)  Branches  of  the  old  digestive  tract  penetrate  the  new  part 
for  a  short  distance  especially  in  the  region  of  a  new  pharj^nx. 
Later  growth  of  the  digestive  tract  in  the  new  part  appears  to  be 
effected  by  differentiation  of  embryonic  cells  and  addition  of  these 
to  the  branches  which  originate  in  the  old  part. 

6)  Excretory  tubes  from  the  old  part  penetrate  the  new  part 
and  there  send  out  branches.  Growth  is  probably  by  addition,  as  in 
the  digestive  tract. 

7)  Regeneration  of  the  nervous  system  always  occurs  in  direct 
connection  with  the  nerve  tracts  of  the  old  part.  Fibres  penetrate 
the  new  part  and  new  nerve  cells  are  differentiated  from  the  em- 
bryonic cells. 

8)  The  eyes  appear  to  be  a  gradual  differentiation  of  embryonic 
cells.  The  first  to  be  observed  are  those  which  are  most  ventrally 
placed  and  others  are  added  dorsally. 

9)  Auricular  sense  organs,  probably  organs  taste  or  smell,  are 
differentiated  from  the  ectoderm  rather  later  than  the  other  organs. 
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10)  The  reproductive  organs  are  the  latest  to  regenerate.  Tail 
pieces  five  weeks  after  cutting,  show  no  signs  of  such  organs. 

11)  Morphallaxis  in  this  form  appears  to  be  a  gradual  lateral 
contraction  and  longitudinal  elongation  of  the  whole  body,  rather 
than  any  extensive  migration  of  material.  Diminished  size  of  the 
old  part  in  unfed  specimens  is  amply  accounted  for  by  disappearance 
of  food  ^anules  in  the  endodenn  and  of  volk  cells  from  the  volk 
glands. 

Woods  Holl,  Mass.,  Aug.  1901. 


Zusammenfassung. 

1)  Das  Ektoderm  in  den  regenerirten  Bezirken  wird  bei  Planaria  lugubris 
primar  von  den  alten  Ektodermzelleu  am  Raude  der  Sclinittfliiche  gebildot. 
Spiitere  Wachsthurasvorgange  im  nouen  Ektoderm  beruhen  wahrscheinlicli  auf 
Einwanderung. 

2)  Das  neue  embryonale  (undifferenzirte)  Material,  welches  an  einer  Sclinitt- 
fliiche crscheint,  stammt  von  der  Vermehrung  der  sogenannten  embryonalen 
Binncn-  oder  Parenchymzellen  an  der  Schuittflliche  und  auch  von  Einwandcrung 
almlicher  Zellen  aus  dem  alten  Gewebstheil,  innerhalb  dessen  in  den  entsprechen- 
den  Zelien  Karyokinesen  sehr  reichlich  vorkommen. 

3)  Die  Muskel-,  Drlisen-  und  Nervenzolleii  des  neuen  Theiles  differenziren 
sich  aus  den  Parenchymzellen. 

4)  Der  neue  Pharynx  erscheint  stetfl  in  dem  neuen  Gewebe  am  Kande  des 
alten  Theils.  Er  diflferenzirt  sich  in  seiner  (^esammthcit  aus  den  neuen  Paren- 
chymzellen. Ein  neuer  Pharynx  wird  nicht  gebildet,  wenn  der  alte  in  dem  be- 
trefFenden  StUck  unverletzt  blieb.  Wurde  ein  Theil  des  Pharynx  abgeschnitten, 
so  wird  er  durch  Kegeneration  am  Schnittende  wieder  erganzt. 

5)  Nachtr'agliches  Wachsthum  des  Verdauungstractus  in  dem  neuen  Theilo 
scheint  darch  Differenzinmg  von  l*arenchymzellen  und  deren  Anftigung  an  die 
Zweige  des  Verdauungstractus,  wclche  im  alten  Thoile  ihren  Ursprung  haben. 
zn  geschehen. 

6}  ExkretionsrOhren  aus  dem  alten  Theil  dringcn  in  den  neuen  Theil  ein 
und  verzweigen  sich  daselbst.  Das  Wachsthum  beruht  wahrscheinlich  auf  Zell- 
anfilgong  wie  beim  Verdauungstractus. 

7)  Die  Regeneration  des  Nervensystems  koramt  immcr  nur  in  direktem 
Zusaramenhang  mit  den  Nervenstrangen  des  alten  Theils  zu  Stande.  Nerveu- 
fasem  durchdringen  den  neuen  Theil  und  Nervenzellen  differenziren  sich  aus 
don  Parenchymzellen. 

8)  Die  Augen  scheinen  cine  gradweise  verschiedene  Differenzirung  der 
Parenchymzellen  zn  sein.  Zuerst  kann  man  die  am  meisten  ventralwarts  ge- 
legenen  bemerken,  dann  schlieGen  sich  ihnen  andere  dorsalwiirts  an. 

9)  Die  aurikuliiren  Sinnesorganc,  mOglicherweise  Tast-  oder  Geruchsorgano, 
differenziren  sich  aus  dem  Ektoderm.  und  zwar  erheblich  spiiter  als  die  andoren 
Organe. 
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10)  Die  Fortpflanzungsorgane  kommcn  bei  der  Regeneration  zuletzt 
Schwanzstticke  zeigen  5  Woclien  nach  dem  Sclmitt  noch  keine  Spur  von  diesen 
Organen. 

11)  Die  Morphallaxis  bei  dieser  Species  scheint  mehr  iu  einer  schrittweisen 
lateralen  Kontraktion  und  einer  Verliingerung  iu  der  Langsachse  des  ganzen 
KOrpers  zn  bestehen,  als  von  irgend  ausgedehnten  Materialverschiebungen  lier- 
zurllhren.  Zur  Erkliimng  der  GroCenabnahme  des  alten  'Hieils  bei  hungemdeu 
Exemplaren  geniigt  reichlich  das  Verscliwindeu  der  Futtorknruclien  iin  Eudo- 
derm  und  der  Dotterzellen  aus  den  Dotterdriiseu. 
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Description  of  Figures. 

Plate  XVII. 

Fig.  1  a.  Portion  of  a  longitudinal  dorso-ventral  section  of  a  IG-hour  pic"^^  ce 
showing  method  of  closing  in  of  ectoderm,  r  mass  of  embryonic  cell  -jBs; 
d  dividing  cell  in  new  part;  f  ectoderm  of  old  part,  dorsal  surfac— ==e; 
m  layer  of  circular  muscles  and  i)igmented  region  of  old  part;  r  rlia -In- 
dite secreting  cell;  /  dividing  cell  iu  old  part;  n  old  nerve  tract. 

Fig.  1  b.     Ectoderm   from  another  section  of  same  piece   showing   groups  ^^ 

nuclei  [k]  and  intercellular  spaces. 

Fig.  1  e.     Ectoderm  cells    from   same  piece,    closure  not  complete.     Zi:is.s  ^^^ 

oc.  4,  Cam. 

Fig.  2.     Embryonic  cells  in  resting  and  division  stages.    Z.  2.00,  oc.  4,  Cam. 

Fig.  3.    Newly  differentiated  muscle  cells.    Z.  2.00,  oc.  4,  Cam. 

Fig.  4.    Mucous  cells  from  new  part.    Z.  2.00,  oc.  4,  Cam. 

Fig.  6.  New  endoderm  cells,  a  two  such  cells  found  among  embryonic  ce^  *'^ 
in  the  new  part  near  a  branch  of  the  digestive  tract  but  entirely  sepan^  ^^ 
from  it;  6  a  cell  taken  from  the  end  of  the  digestive  branch  from  co"*^' 
parison.    Z.  2.00,  oc.  4,  Cam. 

Fig.  G.    Horizontal  section  of  a  prepharynx  piece,  5  d.  17  h.  old,   showing  nC""^ 
phar}'nx  and  advance  of  old  digestive  tract  into  new  part  on  either  si^^ 
of  the  pharynx  and  between  th  eeyes.    Bausch  and  Lomb.  ob.  1  in.,  oc.  J^^ 
magnification  46  d.  Cam. 

Fig.  7.  Longitudinal,  dorso-ventral  section  from  a  5  day  tail  piece,  e  srna^' 
group  of  eye  cells,  two  only  in  this  section ;  h  developing  brain ;  il  divi*/' 
ing  cells  in  the  new  part;    *  karyokinosis  in  old  part;   p  new  pharj'nx; 
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c  pharynx  chamber;   m  proBpective  mouth;  a  digeBtive  tract.     B.  and  L., 

ob.  1  in.,  oc.  C.  mag.  80  d.  Cam. 
Fi^.  8.    Two  longitndinal  dorso-ventral  sections  from  a  piece?  cut  through  the 

anterior  part  of  the  pliaryux  and  fixed  after  46  hours,     o.p  old  pharj-nx : 

n.p  new  pharynx. 
Fijr.  9.    New  pharynx   forming  in  front  of  a  portion   of  the  genital  chamber. 

p  new  pharynx;   r.  part  of  old  genital  cliamber.     B.  and  L.,  ob.  *^o  i"- 

oc.  C,  mag.  165  diani.  Cam. 
Fig.  10.    Sections  of  excretory  tubes  in  the  new  part,    a  and  h  cross  sections ; 

c  longitudinal  section  showing  branching  end  in  the  new  part.    Zktrr  2.00. 

oc.  4,  Cam. 
Fig.  11.    Unipolar  and  bipolar  nerve  cells.    Z.  2.00,  oc.  4.  Cam. 
Fig.  12.    Section  of  regenerating  eye  6  <lays.    Z.  K.  oc  4,  Cam. 
Fig.  13.    Auricular  sense  organ   from   new  head  region  of  a  10  day   tail  piece. 

Z.  2.00.  oc.  4.  Cam. 
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With  1  figure  in  text. 
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or  embryonic  digestiye  tract  —  since  it  is  the  first  ^)  organ  that 
develops  out  of  the  blastnla,  and  by  coanting  the  number  of  cells 
in  the  archenteron  of  the  whole  and  of  the  » partial*  embryos  I 
attempted  to  find  ont  if  the  smaller  embryo  makes  nse  of  the  same 
number  of  cells  as  does  the  whole  embryo,  or  of  only  half  as  many, 
etc.  K  the  first  method  is  adopted,  then  as  the  cells  in  the  archen- 
teron are  as  many  and  as  large  as  in  the  full-sized  embryo  the  digestive 
tract  must  also  be  as  large,  and  it  will  be  relatively  twice  too  large 
for  the  rest  of  the  body,  and  hence  the  embryo  will  not  be  a  minia- 
ture copy  of  the  whole  embryo.  If  the  other  alternative  is  followed, 
then  one  half  the  number  of  cells  characteristic  of  the  entire  embryo 
will  produce  an  archenteron  of  the  same  relative  size,  although  the 
cells  will  be  relatively  twice  too  large.  The  results  of  a  large 
number  of  counts  that  I  made  of  the  cells  in  the  archenteron  of  the 
small  embr}'os  seemed  to  show  that  the  number  turned  in  was  generally 
greater  in  the  V2  embryo  than  half  the  entire  number  and  greater 
in  the  74  embryo  than  one-fourth  the  whole  number.  I  concluded 
that  the  small  embrvo  tended  to  use  the  same  number  of  cells  to 
produce  its  organs  that  is  characteristic  of  the  entire  embryo.  There 
are  several  considerations  that  make  this  conclusion  of  doubtful  value; 
for  instance,  aj,  the  delay  in  the  development  may  make  it  possible 
for  the  cells  in  that  part  of  the  wall  from  which  the  archenteron 
will  form  to  increase  more  rapidly  in  number  as  they  turn  in, 
than  do  the  cells  in  the  normal  embryo,  and  if  so,  while  their  number 
would  be  larger  for  a  given  stage,  the  cells  themselves  would  be 
smaller;  b),  there  is  no  exact  moment  at  which  the  gastrulation  can 
be  said  to  be  completed  unless  we  choose  some  such  arbitrary  limit 
as  the  formation  of  the  gut-pouches,  or  the  contact  of  the  inner  end 
of  the  archenteron  with  the  stomodaeum,  hence  there  is  a  difficulty 
in  comparing  identical  stages,  although  this  can  be  done  approxi- 
mately; c),  lastly  great  variability  was  found  to  exist  in  the  actual 
number  of  cells  turned  in  to  form  the  archenteron,  although  the 
highest  numbers  agreed  with  that  characteristic  of  the  entire  embryo. 
My  conclusion  that  the  number  of  cells  in  the  archenteron  in 
the  smaller  embryos  was  proportionately  larger,  and  approximated  t(» 
that  in  the  entire  embryo  seemed  to  be  supported  also  by  the  ob- 
servation that  very  often  the  number  of  cells  in  archentera  that  were 


*)  Excepting  the  meBench}Tue  which  however  only  forms  a  skeleton  at  a 
lere. 


later  stage. 
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not  even  completely  finished  was  nearly  the  normal  number  and 
much  greater  than  half  the  number;  and  moreover  in  many  cases 
the  archenteron  was  much  larger  in  proportion  to  the  rest  of  the 
body  in  the  small  embryo  than  in  the  normal  one. 

Previously  I  had  examined  the  number  of  cells  in  the  V'2  embryo 
of  a  teleost  —  Fundulus  — ,  and  had  found  also  evidence  that  the 
number  of  cells  characteristic  of  the  adult  went  to  form  the  eye, 
nerve  cord,  etc.,  of  the  V-2  embryo.  Later  I  examined  the  number 
of  cells  in  embryos  of  Amphioxus  that  had  developed  from  isolated 
Y2  ai^d  1/4  blastomeres.  In  these  the  total  number  of  cells  in  the 
V2  embryo  was  found  to  be  half  of  the  number^)  in  the  normal 
embryo,  and  in  the  V4  embryo  one  fourth  the  total  number.  Cross- 
sections  of  these  embrvos  seemed  to  show  that  more  than  two-thirds 
the  normal  number  of  cells  were  present  in  cross-sections  in  some 
of  the  organs  of  the  V2  embr^^o,  and  more  than  one  half  to  make 
the  organs  of  the  Vi  embryo. 

The  results  of  my  study  of  the  number  of  cells  invaginated  by 
whole  and  partial  embryos  of  Sphaerechinus  showed  as  stated  above 
that  a  proportionately  larger  number  are  turned  in  by  the  smaller 
embryos.  The  whole  embryo  of  Sphaerechinus  contains  somewhat 
over  500  cells  in  the  wall  of  the  blastnla,  and,  of  these,  50  cells  are 
invaginated  to  make  the  archenteron. 

In  a  very  small  embryo,  from  an  egg-fragment,  containing  only 
57  nuclei  in  the  outer  wall,  there  were  22  nuclei  in  the  archenteron, 
in  another,  with  56  nuclei  in  the  outer  wall,  there  were  36  nuclei 
in  the  archenteron.  If  these  embryos  had  turned  in  only  one-tenth 
the  entire  number  present  in  the  blastula  they  would  have  used  only 
eight  to  ten  cells,  but  the  results  show,  that  about  twice  as  many  in 
one  case,  and  three  times  as  many  in  the  other  were  invaginated. 

Another  embryo  of  Sphaerechinus  derived  from  a  Vs  blastomere 
had  79  cells  in  the  wall  and  turned  in  20  to  25  in  the  archenteron 
which  at  the  time  was  only  about  two-thirds  completed.  If  the  pro- 
portionate number  had  been  invaginated  only  ten  cells  would  have 
been  used  to  form  the  entire  archenteron.  Another  embryo  that 
developed  from  a  fragment  of  the  blastula  wall  contained  only  31 


';  Through  an  unfortunate  mistake  or  error  the  number  of  cells  given  (on 
page  379  of  my  paper)  for  the  V2  larva  was  too  great,  although  the  data  given 
show  the  number  of  cells  to  have  been  one  half  the  total  number.  Driesch 
has  also  called  attention  to  this  error. 

27* 
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Ill)  Hid  f^'irtliflRnxnnfTMtrirann  koinmcn  bei  der  Begeneratinn  znlerzt 
MclmniiKMIkkc  wlgMi  fi  Wwlirrn  nai-h  i\vm  Hchnitt  noch  keioe  Spur  von  diesen 
< 'rf[iiiii<ii. 

Ill  Ii|i>  MiiniljNilnKlH  licl  tWnef  H\,e(:ic9  Hclicint  mehr  in  einer  wlirittweisen 
Inti'rnlr'ti  Koiilrnktiixi  niid  ciiicr  Vi^rliinjtcraiiK  in  der  Liinggaehsc  dew  ganzen 
KdriirrH  r.ii  Ii<>hIi<Ii<>ii.  rIm  von  ir(^>nd  nnnKcdchntt^n  Material vprnc I Liebuu);eii  her- 
Kiirilhri'ii,  Ziir  Krklllrunfc  dor  (JrliORnabiinhinp  den  sUen  Theilx  bei  himKorndcn 
KxPiiitilflrcii  ([fnllRt  rcicldidi  dan  VcrHrliwinilcn  der  Fiim-rk."rn(-!ii'n  ttii  Kndo- 
dnnit  iiimI  diT  IK.tti-m'llcti  mm  den  lint terdrll sen. 
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Description  of  T^ires. 
Plate  XVII. 

1  1  T*orti.>B  of  s  )oTiplit<)i»]tl  .1..r».>-v<TttT»l  PwnoB  of  i  ItUh.tcr  jaCK- 
^'to«i»i|!:  mwiiivi  of  ""losinp  in  of  (vr.'wienn.  r  mass  of  pmlirviiiiiic  M-lb 
n  .ti»-i(tiiip  ivll  in  new  p»n:  ■'  e^-todcnn  of  oM  pan.  d<>Tsal  ^foiacr. 
'1  Ivyr  rtt"  fir>-nt«-  mnfvlp*  »nd  TMcmcntpil  recitta  ta  old  pan :  •■  rial- 
dit^  wvrMint  cr-iX.  i  di>-idinc  eell  in  oltl  part:  «  nU  atwe  n*«. 
1  '..  K^-frtA'-ir.  f-rtm  tinArh^T  socrion  of  mnr  pifrt  fllunriDj:  fToai*  nf 
ftnotoi  i  HBfl  intp^vllnlar  spaces.. 
1  •     VXrt**— m  .v'lts    fwn;  san)f  piece,   chtfiiire  am  pji«pk«e.     Jta*  E- 
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differently  in  regard  to  the  total  number  of  cells  in  the  same 
embryo.  I  doubt,  however,  if  this  solution  would  be  entirely  satis- 
factory. 

There  is  a  further  suggestion  that  may  account  in  part  for  the 
larger  number  of  invaginated  cells  in  the  small  larva,  viz.,  the  delay 
that  takes  place  in  the  gastrulation  of  the  smaller  pieces.  There 
are  some  facts  that  seem  to  support  this  conclusion.  The  larger 
partial  embryos  gastrulate  sooner  than  do  the  smaller  ones,  and  in 
many  cases  the  disproportion  in  the  number  of  cells  turned  in  is 
less  than  in  the  smaller  embryos,  i.  e.,  although  they  may  more  often 
have  the  whole  number,  yet  this  represents  a  smaller  proportionate 
increase  than  that  found  in  the  small  embryos.  Further  it  is  by  no 
means  improbable  that  after  a  long  delay  the  cells  in  the  endo- 
dermal  plate  of  the  small  larvae  may  begin  to  divide  and  then 
gastrulate.  The  cells  turned  in  correspond,  therefore,  to  a  relatively 
smaller  number  of  cells  in  the  blastula  wall.  This  process  would  be 
different  from  that  which  takes  place  in  the  normal  embryo,  and 
while  accounting  for  the  larger  number  of  cells  in  the  small  embryo, 
it  also  shows,  at  the  same  time,  that  they  may  come  from  a  pro- 
portionate number  of  cells  of  the  blastula. 

That  this  hypothesis  does  not  give  a  completely  satisfactory 
solution  of  the  difference  is  found  in  an  examination  of  the  size  of 
the  archenteron  in  the  very  small  embryos.  In  the  figures  that  I 
have  given  it  will  be  easily  seen  that  the  archenteron  is  often  very 
much  too  large  for  the  size  of  the  piece.  There  can  be  no  doubt 
that  many  of  the  very  small  embryos  present  this  characteristic. 
This  condition  would  not  exist  if  the  gastrulation  took  place  by  the 
later  division  of  a  proportionate  number  of  cells  in  the  endodermal 
plate  of  the  smaller  embryo. 

Closely  connected  with  the  questions  relating  to  the  number  of 
cells  in  embryos  from  isolated  blastomeres  are  those  relating  to  the 
method  of  development  of  embryos  from  fragments  of  the  unseg- 
mented  egg.  The  two  problems  are  by  no  means  necessarily  iden- 
tical, or  at  least  we  could  not  have  assumed  them  to  be  so  on  a 
priori  grounds,  since  we  had  no  evidence  to  decide  whether  the 
whole  nucleus  of  an  egg  fragment  would  run  through  the  same 
number  of  division  characteristic  of  the  undivided  egg,  or  whether 
the  number  of  division  would  be  in  proportion  to,  and  limited  by 
the  amount  of  protoplasm  contained  in  the  fragment. 

The  results  of  my  examination  of  the  development  of  fragments 
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were  cat  into  sections  at  different,  but  corresponding  stages,  in  the 
hope  of  finding  out  whether  the  smaller  embryo  contains  as  many 
cells  as  the  larger  embryo,  etc.  It  has  been  so  difficult  to  decide 
with  certainty  in  regard  to  this  question,  that  I  prefer  not  to  commit 
myself  until  I  can  procure  new  material  in  which  a  greater  difference 
in  the  sizes  of  the  eggs  may  make  it  easier  to  solve  the  problem. 
When  it  is  remembered  that  a  cell  having  half  the  volume  of  another, 
has  a  diameter  in  the  ratio  of  4  to  5  it  will  be  seen  how  difficult 
the  problem  becomes  in  an  embryo  having  cells  of  all  sorts  of  irre- 
gular shapes. 

It  may,  perhaps,  only  lead  to  further  difficulties  to  bring  into 
this  connection  the  results  of  other  experiments  that  seem  to  offer  a 
parallel  case.  It  has  been  shown  that  small  pieces  of  the  stem  of 
Tubularia,  that  are  shorter  than  the  region  from  which  in  larger  pieces 
the  hydranth  is  made,  produce  smaller  hydranths  at  one  end  of  the 
piece  although  not  proportionately  smaller  hydranths.  In  other  words 
although  the  hydranth  is  reduced,  it  is  by  no  means  reduced  in  pro- 
portion to  the  size  of  the  very  small  pieces.  Driesch  has  found 
that  if  short  pieces  are  taken  from  the  region  just  behind  the  old 
hydranth,  the  entire  piece  is  very  often  transformed  into  a  hydranth 
only,  or  even  into  only  a  part  of  a  hydranth.  There  is  a  »ten- 
dency*  in  this  part  of  the  stem  to  produce  not  a  proportionate 
structure,  but  a  larger  one  in  relation  to  the  size  of  the  piece,  and 
I  think,  we  may  add,  there  is  a  tendency  to  form  the  whole-sized 
structure  or  the  whole-sized  distal  part  of  the  hydranth.  Since  these 
structures  are  full -sized  they  will  use  proportionately  too  great  a 
number  of  cells.  This  case  is,  it  seems  to  me,  parallel  to  that  of 
the  small  embryos. 

A  somewhat  similar  result  has  been  found  by  Peebles  in  the 
regeneration  of  very  tiny  pieces  of  Hydra.  These  pieces  do  not  form 
the  total  number  of  tentacles  characteristic  of  the  full-sized  hydra, 
but  only  one,  two,  three,  or  four  tentacles.  If  the  tentacle  ring  had 
been  organized  on  a  proportionately  smaller  scale  we  should  expect 
six  to  eight  tentacles  to  appear  of  very  small  size,  but  as  this  never 
happens  it  looks  as  though  tentacles  of  only  a  certain  size  can  be 
formed  and  hence  there  is  room  for  fewer  of  them,  i.  e.,  each  uses 
up  too  much  material,  or  too  many  cells  of  the  old  part. 

These  examples  are,  it  is  true,  from  another  field,  but  they  show 
us  nevertheless  that  the  problem  of  the  formation  of  smaller  organisms 
may  involve  other,  quantitative  factors,  than  simply  the  production 
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of  proportionate  organs  of  smaller  size.  I  have  pointed  oat  that  these 
results  seem  to  indicate  that  the  cells  as  units  play  only  a  secondary 
part  in  the  moulding  of  the  organs  of  the  metazoon  body.  The 
development  of  the  typical  form  by  small  embryos  having  only  a 
half  or  a  fourth  the  total  number  of  cells  points  to  this  conclusion, 
and  the  facts  discovered  by  Coxklin,  viz.,  that  giants  and  dwarfs 
are  produced  not  by  larger  and  by  smaller  cells,  but  by  more  or 
fewer  cells,  leads  to  the  same  conclusion.  I  need  scarcely  add  that 
we  are  not,  for  this  reason,  justified  in  ignoring  entirely  the  cells 
in  studying  these  processes,  for  the  proportionately  enormous  size  of 
the  cells  in  the  very  small  larvae  may  still  be  an  important  factor 
in  the  development,  or  lack  of  development  of  the  embryo.  But  the 
main  fact  seems  clear,  that  the  organisation  of  the  metazoon,  so  far 
as  the  formative  processes  are  concerned  involves  the  protoplasm  as 
a  whole,  and  is  not  the  outcome  of  the  action  of  cells  as  units,  al- 
though the  individual  cells  as  centers  may  act  as  boundaries  to  the 
action  of  the  formative  forces,  i.  e.,  in  the  production  of  organs  a 
cell  is  either  entirely  involved  or  not  at  all. 


II. 

The  preceding  summary  was  written  a  year  ago,  and  in  order 
to  clear  up  some  of  the  points  that  have  been  discussed  it  was  ne- 
cessary to  obtain  new  material.  During  June  of  the  present  year 
I  went  to  Beaufort,  N.  C,  to  examine  the  problem  of  the  number  of 
cells  invagination  in  the  embryo  of  the  sea-urchin,  Toxopneustes 
variegatus.  Thanks  to  the  ample  opportunities  offered  by  the 
U.  S.  Fish  Commission  I  obtained  the  necessary  material.  I  gladly 
express  my  obligations  to  Prof.  H.  V.  Wilson  in  charge  of  the  Station 
for  many  courtesies  extended  to  me  during  my  stay. 

The  blastomeres  were  separated  by  Herbst's  method.  The  eggs 
were  fertilized,  and  within  two  to  five  minutes  afterwards  were  shaken 
in  a  tube  until  they  were  freed  from  the  membrane.  The  eggs,  after 
settling,  were  thrown  into  Herbst's  calcium-free  sea  water.  They 
remained  in  this  solution  until  they  had  reached  the  two,  four  or 
eight-cell  stage.  They,  were  then  removed,  gently  shaken  in  order 
to  separate  the  blastomeres  and  put  into  normal  sea  water.  In  this 
way,  as  Dbiesch  has  shown,  large  numbers  of  isolated  blastomeres 
can  be  obtained.   The  method,  I  can  also  attest,  is  immensely  superior 
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to  the  former  one  of  violently  shaking  the  membraneless  eggs  to 
separate  the  blastomeres. 

It  was  evident  that  in  order  to  settle  the  diflFerence  between 
my  former  results  and  those  of  Driesch  it  would  be  necessary  to 
preserve  continuous  series  of  embryos  of  the  same  lot.  I  should 
add  that  I  have  preserved  only  the  partial  embryos  that  rose  to  the 
top  of  the  water,  as  do  the  normal  embryos.  These,  as  experience 
has  taught  me,  are  much  more  apt  to  develop  into  later  stages  than 
are  the  abnormal  embryos  that  swim  around  on  the  bottom.  The 
embryos  were  killed  in  a  corrosive-acetic  solution,  stained  in  Orth's 
picro-lithiam  carmine  and  mounted  in  balsam. 

In  the  first  series,  here  chosen  for  description,  the  gastrulation 
was  completed  in  the  whole  embryos  at  11  a.  m.,  and  even  in  some 
of  the  V2  *^^  ^^^  V4  embryos,  although  in  only  a  few  of  these. 
The  whole  embryos  had  about  955  cells  (as  indicated  by  the  number 
of  nuclei)  in  the  wall  and  about  150  in  the  archenteron.  The  Vi 
embryos  contained  in  the  archenteron,  in  five  cases,  96,  85,  66  (not 
finished),  56  (not  finished).  The  V4  embrjos  contained  in  the  archen- 
teron 49,  57,  40,  40  (incomplete).  These  results  show  that  in  the 
archenteron  of  the  partial  embryos  these  are  at  this  time  about  a 
half  and  a  fourth  respectively  of  the  number  of  cells  in  the  archen- 
teron of  the  whole  embryo. 

Two  hours  and  a  half  later  the  whole  embryos  have  about  180 
to  190  cells  in  the  archenteron.  The  '/2  embryos,  in  five  counts, 
96,  85,  90,  95,  77+,  and  the  V4  embryos  60,  75,  56,  63,  60,  65 
cells  in  the  archenteron. 

Three  hours  later  there  were,  in  two  counts,  268  and  283  cells 
in  the  archenteron  of  the  whole  embryo.  The  ^/^  embryos  contained 
in  three  counts  148,  106,  92,  105  cells  and  the  V4  embryos  con- 
tained 70,  73,  72,  70,  60,  36  (2/3  gastrulated),  60  (197  cells  in  wall), 
27  (completely  gastrulated  with  200  cells  in  wall),  46  (Y2  gastrulated, 
192  cells  in  wall). 

These  results  show  that  there  is  a  steady  increase  in  the  number 
of  cells  in  the  archenteron  both  in  the  whole  and  in  the  partial 
embryos.  If  the  number  of  cells  in  the  archenteron  of  the  whole 
and  of  the  partial  embryos  of  the  same  age  in  point  of  time  is 
compared  it  is  found  that  the  1/2  and  \^^  embryos  contain  about  a 
half  and  a  fourth  of  the  number  present  in  the  whole  embryo.  On 
the  other  hand  it  appears  that  a  relatively  larger  number  of  cells  is 
invaginated  in  some  of  the  partial  embryos  than  in  the  whole  embryos, 
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and,  moreover,  in  comparison  to  the  number  of  cells  in  the  outer  wall, 
the  partial  embryos,  especially  in  those  that  gastrulate  late,  turn  in 
proportionately  more  cells  than  are  at  first  turned  in  by  the  whole 
embryos. 

There  is  a  further  point  that  should  be  remembered.  A  few  of 
the  partial  embryos  gastrulate  almost  as  soon  as  do  the  whole  em- 
bryos and  there  can  not  be  any  doubt  that  in  these  the  number  of 
cells  continues  to  increase  from  hour  to  hour.  Embryos  of  this  kind 
will  also  appear  in  the  later  lots,  but  neyertheless  most  of  the  partial 
embryos  in  the  later  lots  represent  individuals  that  have  gastrulated 
later,  and  since  practically  all  of  the  partial  embryos  of  the  later 
series  have  in  the  archenteron  more  than  a  half  or  a  fourth  or  an 
eighth  of  the  whole  number  of  cells  that  is  first  invaginated  in  the 
whole  embryo  there  can  be  no  doubt  that  these  delayed  partial  em- 
bryos turn  it  at  first  proportionately  a  large  number  of  cells.  The 
explanation  of  this  is  found  in  the  continuous  process  of  cell  division 
by  means  of  which  a  somewhat  larger  number  of  endodermal  cells 
are  present  when  invagination  begins. 

A  second  series  of  embryos,  selected  for  description,  includes 
earlier  stages  than  the  last  series.  The  whole  blastula  that  is  about 
to  gastrulate  has  about  800  cells  in  the  wall  (including  those  that 
are  to  be  invaginated).  The  V2  blastula  contains  at  this  time 
{830  a.  m.)  from  350-370  cells  and  the  1/4  blastula  from  180—218 
cells.  These  figures  show  that  the  partial  embryos  have  respectively 
a  half  and  a  fourth  the  whole  number  of  cells. 

Two  hours  later  gastrulation  had  taken  place  in  the  whole 
embryos.  They  were  found  to  have  in  one  case  about  1000  cells  in 
the  outer  wall,  and  in  three  cases  117,  120,  130  nuclei  in  the  ar- 
chenteron. Some  of  the  Y2  embryos  that  had  gastrulated  contained 
in  five  counts  76,  68,  76,  67,  65  (2/3  gastrulated)  nuclei  in  the  ar- 
chenteron. 

An  hour  later  the  number  of  cells  in  the  wall  of  the  whole 
gastrula  was  in  one  case  1350  with  250  cells  in  the  archenteron, 
and  in  another  case  1440  with  265  in  the  archenteron.  Others  had 
in  the  archenteron  127,  180,  170,  145,  176  cells.  The  V2  gastrulae 
had  120  (with  463  in  the  wall),  96,  97,  92,  97,  86  nuclei  in  the 
archenteron. 

After  another  hour  the  number  of  cells  in  the  wall  of  one  whole 
gastrula  was  1510  cells  (with  313  in  the  archenteron).  Other  counts 
gave  290,  353  in  the  archenteron.     The  72  gastrulae  contained  at 
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this  time  112,  134,  140,  130,  196  nuclei  in  the  archenteron.  The 
^Ix  gastrulae  had  just  begun  to  gastrulate  and  in  some  of  these  the 
archenteron  did  not  seem  to  have  been  completed.  Four  counts 
gave  33  nuclei  in  the  archenteron  (and  240  in  the  wall).  36  (with 
193  in  the  wall),  50  (with  250  in  the  waU),  44  (with  214  in  the 
wall). 

The  results  of  this  second  series  bear  out  the  conclusions  from 
the  first  series.  Other  series  were  not  as  good  as  these  in  all  re- 
spects, but  so  far  as  they  go  they  give  similar  results. 


A 


A' 


B 


C' 


Fig.  .1.  Whole  embryo  about  two-thirds  gastrnlated.    Fig.  .1'.  Whole  embryo,  gastrulation  completed. 
Fig.  B.  Half-embryo,  gastrolation  completed.   Fig.  C.  One-fourth  embryo.   Fig.  C,  One-fourth  embryo, 

showing  excentric  archenteron. 

A  fact  that  I  had  formerly  observed  is  very  apparent  in  these 
new  preparations,  viz.,  that  the  archenteron  in  most  of  the  partial 
embryos  is  proportionately  too  large  for  the  size  of  the  embryo  *) 
and  this  is  especially  obvious,  as  shown  in  Figs.  -4,  A\  B,  C,  C",  in 
the  V2  and  \^x  embryos.  Some  of  Driesch's  figures  seem  also  to  me 
to  show  the  same  thing.  The  result  appears  to  be  due  in  part  to  the 
proportionately  large  number  of  cells  in  the  archenteron  of  the  smallest 
partial  embryos.      The  archenteric  cells    appear  to   divide    oftener 

*;  One  apparent  exception  to  this  is  given  in  the  first  series.  In  this  case 
the  partial  enibrj'o  appeared  to  have  a  proportionately  formed  digestive  tract 
that  contained  27  cells  and  the  wall  200  cells.  The  numbers  bear  tiie  ratio 
characteristic  of  the  whole,  embryo. 
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than  the  cells  in  the  wall,  and  if  the  cells  enlarge  after  each  division 
the  larger  size  of  the  archenteron  in  the  retarded  embryos  can  be 
accounted  for.  The  proportionately  smaller  enlargement  of  the  wall 
of  the  partial  embryos  may  also  make  the  diflFerence  more  apparent. 

Another  fact  that  is  obvious  in  all  these  embryos  is  that  the 
gastrolation  of  the  Va  ^^^  ^U  embryos  is  quite  excentric  as  shown 
in  Figs.  By  C\  This  excentricity  may  be  easily  overlooked  since 
the  side  towards  which  the  archenteron  turns,  being  heavier,  is  gener- 
ally turned  away  from  the  observer  looking  at  the  embryos  from 
above.  Fig.  (7,  but  if  the  embryos  are  rotated  the  excentric  position 
of  the  archenteron  is  readily  detected,  Fig.  C  Thus  the  partial 
Embryos  are  not  at  first  simply  whole  embryos  of  small  size,  but 
show  traces  of  their  origin  as  a  part  of  the  egg.  It  has  been  observed 
by  all  those  who  have  examined  the  cleavage  of  the  isolated  blasto- 
meres  of  the  sea-urchin  that  the  cleavage  is,  as  a  rule,  incomplete  ^). 
It  has  been  supposed  that  this  incomplete  development  extended  only 
to  the  cleavage,  but  it  seems  to  me  very  probable  that  the  excentric 
position  of  the  archenteron  in  the  partial  embryos  of  Toxopneustes 
is  also  the  outcome  of  the  unsymmetrical  structure  of  the  blastomeres. 
The  rapid  development  of  the  embryo  in  this  form  —  gastrulation 
beginning  in  warm  weather  within  fifteen  hours  after  fertilization  — 
may  in  part  account  for  the  result.  The  excentric  position  of  the 
archenteron  in  this  case  seems  to  be  similar  to  that  found  in  the 
formation  of  the  > stomach*  in  the  ctenophore  egg  as  described  by 
Dbiesch  and  Morgan. 

BovERi's  recent  study^)  of  the  egg  of  Strongylocentrotus 
lividus  has  shown  that  the  micromere  pole  lies  opposite  to  the 
position  taken  by  the  segmentation  nucleus  —  a  fact  that  Whitman 
and  I  had  also  observed  in  1894.  Boveri  has  also  shown  that  the 
whole  micromere  hemisphere  is  invaginated  to  form  the  archenteron. 
Driesch's  results  had  already  made  it  highly  probable  that  the 
archenteric  pole  is  the  micromere  pole,  and  Boveri's  results  make 
this  certain.  Boveri  states  that  although  his  results  show  that  there 
is  a  definite  relation  between  the  parts  of  the  egg  and  the  gastrula, 
yet  his  own  observations  (as  do  also  those  of  Driesch  and  myself) 
show  that  while  this  may  be  true  yet  pieces  of  the  egg  may  still 


*)  Except  in  one  case  in  Toxopneustes  described  by  E.  B.  Wilson  in 
which  total  cleavage  was  observed. 

«)  Verhandl.  d.  phys.-med.  Gesellscli.  zu  AVllrzburg.  N.  F.  XXXIV.  1901. 
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gastrulatc  that  have  come  from  the  he  misphere  that  is  opposite  the 
mieromere  pole.  We  see  thca  that  even  in  cases  with  a  perfectly 
definite  type  of  cleavage  that  give  rise  to  embryos  having  definite 
relations  to  this  cleavage  there  is  no  absolutely  necessary  relation 
between  the  tw  o,  for  if  the  conditions  are  changed  the  relation  may 
also  be  altered  or  at  least  parts  of  the  egg  may  invaginate  that  do 
not  do  so  under  ordinary  circumstances.  Nevertheless  the  pre-existing 
protoplasmic  relations  in  the  segmenting  egg  appear  to  have  an  im- 
portant influence  on  the  formation  of  the  normal  embryo,  and  such 
a  relation  accounts  for,  I  think,  the  excentric  position  of  the  archen- 
teron  in  the*  '/2  J^ud  ^l^  embryos  of  Toxopneustes. 


Summary. 

1)  Those  ^2  si^id  V4  embryos  of  Toxopneustes  variegatus 
that  gastrulate  at  nearly  same  time  as  do  the  whole  embryos  in- 
vaginate about  one  half  and  one  fourth  the  number  of  cells  invagin- 
ated  by  the  whole  embryos. 

2)  Those  V2  and  ^4  ^^^  Vs  embryos,  that  gastrulate  later  than 
the  whole  embryos,  invaginate  proportionately  a  larger  number  of 
cells.  The  explanation  of  this  is  that  the  number  of  cells  slowly 
increases  in  the  partial  blastulae  so  that  those  that  gastrulate  late 
turn  in  more  cells  than  those  that  gastrulate  early. 

3)  The  size  of  the  archenteron  in  the  late  partial  embryos, 
especially  in  the  \  4  and  \/s  embryos,  is  generally  proportionately 
larger  than  in  the  whole  embryos. 

4)  The  archenteron  in  the  V2  and  ^jx  embryos  is  excentric  in 
position  which  seems  to  be  due  to  the  unsymmetrical  organisation 
of  the  isolated  blastomere. 

5]  The  number  of  cells  invaginated  in  late  gastmlae  and,  in 
general,  in  the  late  smallest  gastmlae,  as  compared  with  the  number 
in  the  outer  wall  is  greater  in  the  partial  embryos  than  in  whole 
embrvos. 


Zusammenfassung. 

1)  Diejenigen  Halb-  und  Viertelembryonen  von  Toxopneustes  variegatus. 
welche  die  Gastnila  annahemd  zur  selben  Zeit  bilden  wie  die  ganzen  Enibryoneu. 
stUlpen  etwa  die  Halfte  oder  ein  Viertel  dor  Zellenanzahl  ein  wie  die  ganzen 
Embryonen. 
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2)  Diejenigen  Halb-,  Viertel-  und  audi  Achtelembrj^onen,  welche  die  Gastrula 
spater  als  die  gSLUzen  Embryonen  bilden,  sttilpen  eine  verhaltnismaGig  grOOere 
Zahl  von  Zellen  ein.  Es  erklart  sich  das  aus  dem  allmahlichen  Wachsthum  der 
Zellenanzahl  in  den  Theilblastalae.  so  dass  die  split  die  Gastnila  bildcnden  mehr 
Zellen  einstUlpen  als  die  frlihzeitig  gastrulirenden. 

3)  Die  GrOBe  des  Urdarmes  in  den  Tlieilembryonen,  speciell  in  den  Viertel- 
und  Achtelembryonen,  ist  in  der  Kegel  verhiiltnismUBig  bedeutender  als  in  den 
ganzen  Embryonen. 

4)  Der  Urdarm  in  den  Halb-  und  Viertelembryonen  besitzt  eine  excen- 
trische  Lage,  welche  von  der  unsymmetrischen  Organisation  der  isolirten  Blasto- 
meren  herzuriihren  scheint. 

6)  Die  Anzahl  der  eingestiilpten  Zellen  bei  den  spat  gebildeten  Gastrulae 
und  im  Allgemeinen  bei  den  kleinsten  Gastrulae  ist  im  Vergleich  mit  der  Zellen- 
zahl  der  AuBenwaud  in  den  Theilembryonen  groBer  als  in  den  Ganzembryonen. 
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THE   INFLUENCE   OF  TEMPERATURE,   ODORS,    LIGHT 
AND   CONTACT   ON  THE   MOVEMENTS   OF 

THE   EARTHWORM. 

By  AMELIA   C.    SMITH. 
[From  the  Laboratory  of  Biology  at  Bryn  Manor  ColUge^ 

Influence  of  Temperature. 

A*  LLOLOBOPHORA  FCETIDA,  the  common  manure  worm,  lives 
in  damp  soft  soil,  and  in  heaps  of  well-rotted  or  decomposing 
manure.  In  the  laboratory  the  animals  were  kept  in  tin  pails  half  full 
of  manure,  where  they  lived  all  winter  in  apparently  perfect  health 
and  produced  great  numbers  of  cocoons  and  eggs.  The  average 
temperature  of  this  manure  was  i8°C.,  a  little  below  the  room 
temperature. 

When  a  number  of  worms  were  placed  on  a  wet  pane  of  glass, 
and  the  latter  slowly  warmed,  the  worms  did  not  creep  away  from 
the  warm  place  until  it  became  uncomfortably  hot  to  the  finger, 
although  when  the  heat  was  intense  enough  to  cause  the  water  on  the 
plate  to  steam,  the  worms  crawled  rapidly  away,  and  many  died  after 
a  brief  exposure  to  such  temperatures. 

Preliminary  experiments  to  determine  the  effect  of  temperature 
were  made  with  the  following  apparatus.  A  large  sheet  of  glass 
twelve  inches  square  was  supported  at  two  corners  at  a  height  of 
eleven  inches  above  the  table.  It  was  kept  sprinkled  with  water,  and 
two  thermometers  were  laid  on  it.  An  alcohol  lamp  stood  on  the  table 
beneath  the  plate,  and  by  raising  or  lowering  this  lamp,  and  by  moving 
it  under  different  portions  of  the  glass,  the  temperature  of  the  plate 
was  varied  as  much  as  was  necessary.  The  worms  were  placed  in  the 
centre  of  the  plate  either  over  the  flame  or  at  a  little  distance  from  the 
hottest  area.  If  a  number  of  worms  are  put  down  near  each  other 
they  soon  crawl  together  and  coil  into  a  heap.  Such  a  heap  of 
worms  on  the  plate  is  not  disturbed  by  a  rise  of  temperature  from 
20°  to  30°  C.  If  the  temperature  of  the  plate  rises  above  30°  C, 
where  the  worms  lie,  there  is  at  first  more  active  squirming,  which 
changes  to  a  streaming  if  the  temperature  reaches  33°  to  34°  C. 
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Individuals  rarely  separate  from  the  heap,  but  the  whole  mass  moves 
away  from  the  heated  area.  If  the  flame  is  brought  nearer  while  this 
streaming  is  in  progress,  the  rate  is  greatly  accelerated,  until  36°  to 
37°  C.  is  reached,  while  temperatures  from  36°  to  40°  C.  prove  fatal. 
These  experiments  are  open  to  the  objections  that  the  worms  are 
crawling  over  an  unwonted  surface,  exposed  to  the  air,  and  the  appa- 
ratus was  accordingly  modified  "^  follows.  A  half-inch  layer  of 
manure  was  spread  between  two  plates  of  glass  twelve  inches  square. 
The  manure  was  moistened  until  it  was  very  sticky  and  was  spread 
evenly,  but  not  pressed  down.  Three  thermometers  (/^,  /^  /^)  were 
thrust  into  the  manure,  one  at  each  of  the  free  corners,  and  one  in  the 
middle.  The  apparatus  was  supported  by  two  corners  as  before ;  an 
alcohol  lamp  under  one  free  corner  served  to  raise  the  temperature, 
and  a  dish  of  ice-water,  with  ice  floating  against  the  lower  plate,  to 
lower  the  temperature.  Readings  from  the  three  thermometers  were 
taken  from  time  to  time,  and  when  there  was  a  marked  change  of  tem- 
perature the  upper  plate  was  removed  and  the  manure  was  divided 
into  three  sections  (each  containing  a  thermometer)  by  transverse 
cuts  with  a  ruler.     The  worms  in  each  section  were  then  counted. 


Section  3 

Section  2 

Section  1 
flame 


Figure  1. 


Experiment  1.  —  The  apparatus  was  that  described  above,  heated  at  one 
corner  (Section  i)  for  ninety  minutes  by  an  alcohol  lamp  placed  just 
below  the  plate.  Twenty  worms  were  introduced  into  the  manure  at  a 
(Fig.  i).  The  results  are  given  in  Table  I.  (The  fact  that  /*  registered 
a  lower  temperature  at  12  m.  than  at  10.50  a.m.  is  due  to  the  cir- 
cumstance that  the  lamp  burned  out  a  few  minutes  before  the  cover  was 
removed.) 

Experiment  2,  —  Thirty-two  worms  were  put  into  the  manure  in  the  centre 
of  the  plate.  Below  the  middle  of  the  lower  plate  was  a  dish  of  ice-water 
with  a  large  lump  of  ice  floating  against  the  plate.  The  experiment  con- 
tinued until  /^  (Fig.  i)  registered  its  lowest  temperature  and  began  to 
rise.     The  results  are  given  in  Table  II. 
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TABLE   I. 


Section. 

Temperature 

at  10.30. 

C. 

41° 

Temperature 

at  10.50. 

C. 

Temperature 

at  12.00. 

C. 

Position  of 

worms  at 

1200 

1 

51° 

48° 

0 

2 

25° 

30° 

34° 

5 

3 

23° 

28° 

30° 

15 

TABLE   II. 


Section. 

Temperature 

at  beginning 

(10.25). 

C. 

Temperature 

at  end 

(11.40). 

C. 

Position  of 

worms  at 

11.40. 

1 
2 
3 

18.0° 
17.0° 
17.5° 

19.0° 

8.5° 

19.0° 

7  =  22% 

12  =  37% 

13  =  41% 

Experiment  S,  —  Thirty-two  worms  were  put  into  the  manure  over  /' 
(Fig.  i).  Under  Section  i  was  the  flame,  under  Section  3  the  lump  of 
ice.     The  results  are  given  in  Table  III. 


TABLE  III. 


Section. 

Temperature 

at  beginning. 

C. 

Position  of 
worms  at 
beginning. 

Temperature 

at  end. 

C. 

Position  of 

worms  at 

end. 

1 

18° 

32 

70° 

3  (dead) 

2 

20° 

0 

30° 

21 

3 

20° 

0 

10° 

8 

If  the  heat  is  applied  only  to  the  tail,  the  worms  crawl  rapidly  away 
in  a  straight  line.  When  the  head  touches  a  hot  place  or  object,  the 
worm  contracts  sharply,  turns  aside  or  sometimes  crawls  backward  for 
an  inch  or  two.  If  the  heat  is  too  intense  the  worm  squirms  violently 
before  crawling  away.  If  the  entire  worm  is  laid  on  a  warm  place 
(30**-35°C.)  the  worm  crawls  as  quickly  as  possible.     That  these 
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differences  in  reaction  are  due  less  to  differentiation  between  the  two 
ends  of  the  body  than  to  the  fact  that  the  animals  habitually  move 
forward  rather  than  backward,  and  consequently  if  stimulated  on  the 
head  end  are  obliged  to  progress  in  a  less  usual  way  to  escape  the 
stimulus,  is  evidenced  by  the  following  facts.  Worms  from  which 
three,  four  or  five  anterior  segments  have  been  removed  respond  to 
the  stimulus  of  heat  like  normal  worms.  If  beheaded  and  normal 
worms  are  placed  together  on  a  hot  area,  they  cannot  be  distinguished 
by  their  reactions. 

Summary.  —  The  preceding  experiments  point  to  the  conclusion 
that  a  rise  in  temperature  of  ten  degrees  (/.  e.y  i8°-28°C.)  above  that 
in  which  A.  foetida  lives  does  not  cause  the  retreat  of  the  worms.  A 
rise  from  29°  to  35°  causes  retreat,  and  violent  squirming  if  the  ani- 
mal is  retained  in  this  temperature,  while  a  rise  from  35°  to  40°  is 
fatal,  although  such  a  temperature  rarely  causes  progressive  crawling. 
It  is  interesting  to  note  that  when  a  number  of  worms  are  coiled 
together,  they  respond  not  as  individuals,  but  as  a  whole,  the  move- 
ment resembling  that  of  a  single  organism. 

Influence  of  Odors,  and  Effect  of  Drying. 

In  his  book  on  **  The  Formation  of  Vegetable  Mould  by  the  Action 
of  Earthworms"  Darwin  describes  in  the  section  on  "  Habits,"  some 
experiments  in  which  he  tested  the  sense  of  smell  of  earthworms. 
From  their  finding  bits  of  food  buried  in  the  soil  at  a  distance  from 
their  burrows,  he  concludes  that  earthworms  possess  the  sense  of 
smell  in  a  slight  degree.  The  behavior  of  Allolobophora  foetida  when 
accidentally  dropped  near  a  pile  of  wet  fresh  sawdust  led  to  some  experi- 
ments with  cedar  oil,  turpentine,  ether,  and  similar  substances.  If  a 
glass  rod  dipped  in  cedar-oil  is  held  at  a  distance  of  one  quarter  of  an 
inch  from  the  head,  there  is  usually  a  slight  recoil,  although  the  reac- 
tion is  not  constant.  Xylol  similarly  held  one  quarter  to  one  eighth 
of  an  inch  from  the  head  causes  a  slight  recoil,  and  if  the  stimulation 
continues  the  worm  turns  and  crawls  away.  Turpentine  causes  a  simi- 
lar recoil  and  change  of  direction.  Either  cedar-oil,  xylol,  or  turpen- 
tine, if  allowed  to  touch  any  part  of  the  body,  causes  a  violent 
squirming  and  the  production  of  the  offensive-smelling  yellow  secre- 
tion to  which  A.  foetida  owes  its  name.  At  the  same  time  the  worm 
retreats  as  quickly  as  possible;  if  touched  on  or  near  the  head  it 
squirms  backward  for  a  short  distance  before  turning  aside,  but  if 
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touched  on  the  tail-end,  it  crawls  forward  at  once,  squirming  actively 
at  the  same  time.  A  drop  of  ether  on  a  glass  rod  held  one  quarter  of 
an  inch  from  the  head  produces  a  marked  reaction.  The  worm 
recoils  instantly  and  crawls  quickly  backward,  usually  accompanying 
this  retreat  by  lifting  fifteen  or  twenty  anterior  segments  into  the  air 
and  waving  them  about.  If  the  worm  is  pursued  with  the  rod,  violent 
squirming  results,  and  by  quickly  coiling  and  uncoiling,  in  opposite 
directions,  the  animal  springs  clear  from  the  paper  several  times  in 
succession.  If  the  rod  is  touched  to  any  part  of  the  worm  the  squirm- 
ing and  springing  are  at  first  very  violent,  but  after  several  springs  the 
worm  stiffens.  When  these  substances  are  held  near  the  tail  (provided 
the  animal  is  not  bent  so  that  the  head  also  is  affected)  there  is  either 
a  faint  response  or  none.  In  this  respect  there  is  a  slight  individual 
difference. 

When  these  worms  are  removed,  for  a  longer  or  shorter  time,  from 
the  manure  in  which  they  live,  and  are  then  returned,  they  at  once  bur- 
row into  the  manure.  When  placed  on  soil  with  no  admixture  of  ma- 
nure, they  crawl  over  the  top  for  a  time  before  burrowing.  If  removed 
from  the  manure  to  wet  filter  paper  or  some  similar  damp  surface, 
they  can  crawl  over  it  for  an  hour  without  exhibiting  any  sign  of  dis- 
comfort ^  except  restlessness,  which  is  probably  due  to  the  unwonted 
light.  If,  however,  they  are  placed  on  a  dry  surface,  the  skin  becomes 
dry  in  a  few  minutes,  the  worms  crawl  more  and  more  slowly,  and 
frequently  lift  half  the  body  into  the  air,  waving  it  from  side  to  side 
with  a  peculiar  rotary  motion.  At  the  end  of  two  or  three  minutes 
the  irritation  has  become  so  great  that  the  worm  squirms  violently, 
produces  the  offensive  odor,  and  after  several  springs  it  stiffens.  If 
returned  to  moisture  at  this  time  the  worms  recover.  If  they  are 
allowed  to  remain  dry,  one  or  two  additional  springs  are  made,  the 
animals  becoming  stiffer  after  every  such  effort,  and  death  soon 
follows.  The  early  stages  of  this  drying  up  are  easily  recognized  by 
the  "  tight "  appearance  of  the  skin  and  the  apparently  unwarranted 
irritability,  for  at  this  period  the  slightest  touch  produces  violent 
squirming. 

The  sensitiveness  to  drying  led  to  some  experiments  to  determine 

*  In  using  words  like  **  discomfort  "  and  "choice,"  which  occur  throughout  this 
paper,  it  is  perhaps  necessary  to  state  expressly  that  no  psychic  element  is  thereby 
introduced.  The  words  are  used  to  avoid  long  and  awkward  circumlocutions,  and 
with  this  understanding  furnish  a  readier,  simpler,  and  more  direct  vocabulary  for 
describing  the  reactions  of  these  animals  than  more  exact  but  longer  expressions. 
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whether  the  animals  perceive  moisture  at  a  short  distance  from  the 
body,  and  whether  any  factor  other  than  contact  is  involved  in  their 
burrowing.  A  twelve-inch  square  of  filter  paper  laid  on  a  plate  of 
glass  was  made  very  wet  in  the  centre.  In  a  few  minutes  there  was  a 
wet  spot,  surrounded  by  a  damp  ring,  with  an  outer  margin  of  dry  paper. 
When  worms  were  laid  on  the  dry  paper  and  allowed  to  move  freely 
they  crawled  around  and  around  the  wet  spot  with  its  damp  ring  until 
the  skin  dried,  but  unless  the  head  and  a  few  segments  crossed 
the  edge,  they  never  crawled  into  the  wet  places.  They  even 
crawled  along  the  edge  of  the  damp  ring  without  turning  into  it. 
But  if  the  worm  once  crossed  the  edge  of  the  damp  region  it 
crawled  in  at  once,  and  remained  in  the  wettest  part,  even  when 
exposed  to  full  sunlight. 

The  filter  paper  was  now  completely  moistened,  and  in  the  centre 
was  a  little  heap  of  tiny  shreds  of  wet  filter  paper.  The  object  of  this 
arrangement  was  to  provide  a  wet  heap  into  which  the  worms  could 
crawl  if  contact  and  moisture  alone  stimulated  them  to  burrow.  When 
laid  on  the  paper  the  worms  crawled  around  the  heap  as  before.  If 
their  course  accidentally  brought  them  against  the  heap,  they  crawled 
over  it  without  burrowing.  In  one  case  a  worm  burrowed  a  short  dis- 
tance, then  withdrew  and  crawled  over  the  top.  The  heap  of  paper  was 
then  moistened  with  a  decoction  of  the  manure  in  which  the  worms 
lived,  instead  of  with  tap-water.  The  results  showed  an  interesting 
variation.  The  worms  were  no  more  apt  to  find  the  heap  than  before, 
but  if  they  did  find  it,  they  burrowed  at  once  and  remained  there. 
Seven  out  of  ten  burrowed  at  once,  and  only  one  left  the  heap  after 
entering.  A  heap  of  wet  sawdust  was  now  substituted  for  the  paper, 
but  the  worms  turned  aside  from  this  as  soon  as  the  head  came  in 
contact  with  it.  They  not  only  did  not  enter,  but  did  not  crawl  over 
the  heap,  except  in  one  case  out  of  ten.  Finally  a  small  pile  of  manure 
was  put  in  the  centre  of  the  plate,  and  the  worms  were  allowed  to 
crawl  around  it.  As  in  the  other  cases,  there  was  no  indication  that 
the  manure  attracted  the  worms  from  a  distance,  for  unless  gently 
headed  toward  it  by  the  experimenter  they  crawled  by  it  even  when 
very  close.  One  worm  turned  aside  just  before  reaching  the  manure, 
and  skirted  the  edge  in  such  a  way  that  in  the  middle  of  the  body  the 
back  touched  the  manure,  and  still  the  worm  did  not  enter  the  heap. 
But  if  the  head  touched  the  manure,  or  any  outlying  fragment  thereof, 
the  worms  burrowed  at  once,  and  remained  in  it  until  removed.  When 
the  tail  was  in  contact  with  manure  I  saw  no  tendency  to  burrow. 
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although  when  worms  in  manure  are  disturbed,  they  travel  through 
it  forward  or  backward  indififerently. 

Summary.  —  The  above  experiments  indicate  that  while  these  ani- 
mals are  not  stimulated  by  certain  odors  at  a  distance  from  the  body, 
they  still  possess  a  sense  of  smell.  In  this  respect  there  is  a  difference 
between  the  anterior  and  posterior  ends  of  the  body,  the  anterior  end 
being  more  sensitive.  This  sense  is  one  of  the  factors  in  the  burrow- 
ing of  A.  foetida,  contact  and  moisture  alone  being  insufficient  to  call 
out  the  burrowing  reaction. 

Directive  Influence  of  Light. 

Preliminary  experiments  to  determine  the  reactions  of  A.  foetida  to 
light  were  made  in  the  following  ways. 

Worms  were  laid  on  a  piece  of  wet  filter  paper  lighted  mainly  from 
one  side,  and  with  screens  on  the  other  sides  to  cut  off  most  of  the 
extraneous  light.  Under  such  circumstances  the  animals  generally 
crawled  to  the  darker  side  of  the  paper.  A  tin  box,  two  inches  in 
height,  two  inches  wide,  and  eighteen  inches  long,  painted  black 
inside  and  having  one  glass  end,  was  next  used.  Wet  filter  paper 
covered  the  floor  of  the  box,  and  the  entire  apparatus  except  the  glass 
end,  which  faced  a  sunless  window,  was  covered  with  black  oilcloth.  A 
worm  was  placed  on  the  filter  paper,  its  length  across  the  box,  and  the 
apparatus  was  covered.  After  two  minutes  the  cover  was  lifted  and 
the  position  of  the  worm  noted.  Of  twenty  experiments  made  in  this 
way,  fifteen  showed  in  general  a  negative  reaction,  that  is,  the  worm 
had  moved  to  the  darker  end  of  the  box,  and  away  from  the  light, 
while  five  reactions  were  positive.  This  method  is  objectionable 
practically  because  one  cannot  watch  the  worm,  and  theoretically 
because  the  narrowness  of  the  box  inevitably  brings  the  worms 
against  one  side,  and  introduces  a  new  factor,  thigmotaxis.  The 
apparatus  was  therefore  abandoned. 

In  these  preliminary  experiments  the  most  marked  features  were 
the  absence  of  regularity  of  response  and  a  certain  individual  differ- 
ence in  reaction.  Therefore  I  isolated  fifteen  large,  normal,  ap- 
parently healthy  worms,  keeping  each  in  its  own  dish  of  manure,  and 
distinguishing  them  by  letters.  An  attempt  was  made  to  have  this 
number  include  two  series  of  worms,  one  sexually  active  and  the  other 
not  active,  using  the  swollen  clitellum  as  the  criterion.  But  this 
phase  appears  so  suddenly  and  passes  so  quickly  in  individual  worms, 
that  it  was  found  impossible  to  conduct  long  series  of  experiments  on 
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worms  in  the  sexual  condition.  Three  sets  of  preliminary  experiments 
were  made  on  each  of  these  fifteen  worms.  A  sheet  of  wet  gray  filter 
paper  eighteen  inches  square  was  placed  on  black  oilcloth,  giving  a 
dark  surface.  The  oilcloth  lay  on  a  table  in  front  of  a  sunless  win- 
dow, and  light  from  the  other  sides  was  carefully  cut  off  by  black 
screens.  The  worm  to  be  experimented  on  was  taken  from  the 
manure  with  as  little  disturbance  as  possible,  an  ordinary  flexible  sec- 
tion lifter  serving  the  purpose  better  than  forceps,  and  laid  carefully 
on  the  filter  paper.  It  was  placed  in  the  middle  so  that  the  head  and 
more  than  half  the  length  of  the  body  were  either  (a)  across  the  paper 
parallel  to  the  surface  of  the  window,  or  (b)  pointing  toward  the  win- 
dow, or  (c)  pointing  away  from  the  window.  In  these  three  sets  there 
was  no  attempt  to  make  a  definite  number  of  experiments  on  each 
of  the  three  directions,  but  we  endeavored  to  see  how  the  worms 
behaved  when  headed  once  and  then  left  free  to  crawl.  A  "  set " 
refers  to  all  the  movements  made  by  one  worm  during  one  experi- 
ment, and  not  to  a  succession  of  experiments  in  which  the  worm  was 
headed  the  same  way  each  time.  Each  worm  was  allowed  to  crawl 
freely  for  ten  minutes  in  Set  i,  and  for  five  minutes  in  Sets  2  and  3, 
and  the  results  recorded  by  drawing  the  course  of  the  worm  on  a  re- 
duced plan  of  the  apparatus,  with  marginal  notes  where  they  were 
necessary  to  explain  the  sketches.  Whenever  the  worm  entirely  left  the 
filter  paper,  it  was  replaced  carefully,  and  this  new  position  indicated 
as  the  beginning  of  the  second,  third,  or  fourth  advance  in  that  set, 
by  the  appropriate  numeral.  The  worm  was  usually  replaced  in  or 
near  the  centre  of  the  plate,  in  approximately  the  same  relative  posi- 
tion in  which  it  had  just  crawled  away  ;  that  is,  if  a  worm  crawled  over 
the  back  edge,  it  was  replaced  in  the  centre  with  the  head  toward  the 
back.  If  in  crawling  the  worm  partially  left  the  paper,  then  returned 
tail  first  and  assumed  a  new  direction  by  turning  sharply  aside,  that 
position  was  similarly  indicated  as  the  beginning  of  an  advance. 

Under  such  circumstances  worms  differ  greatly  in  their  manner  of 
crawling.  Some  move  deliberately,  with  much  testing  of  the  regions 
around  the  head.  Others  crawl  quickly  and  "impetuously,"  leaving 
the  wet  filter  paper  for  the  dry  oilcloth  without  seeming  to  appreciate 
the  difference  in  surface,  although  the  oilcloth  soon  dries  their  skins. 
Some  begin  to  crawl  rapidly  the  instant  they  are  placed  on  the  filter 
paper,  but  soon  reduce  their  speed  ;  others  contract  when  first  put 
down,  and  are  quiet  for  some  seconds  (15-60)  before  crawling,  but 
when  they  move,  turn  at  once  in  a  definite  direction  and  crawl  with 
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increasing  speed  in  a  straight  line.  Most  of  the  worms  move  the 
head  in  various  directions  before  beginning  to  crawl,  as  if  exploring 
and  "testing"  the  neighborhood,  and  it  was  not  at  all  common  for 
the  first  movement  of  the  head  to  be  in  the  direction  in  which  the 
worm  ultimately  crawled.  With  such  differences  in  habit  it  follows 
that  there  is  a  varying  number  of  advances  for  each  worm,  for  the 
duration  of  the  experiment,  and  that  the  records  are  widely  different. 
Four  entire  records  are  given,  which  represent  the  extreme  variations 
in  response. 


Worm  a  Set  2,  March  8,  1901. 
contracted,  lifted  head  slightly,  moved 
head  against  paper  and  was  still  sixty 
seconds.  Turned  head,  crawled  slowly 
with  many  stops  toward  back ;  moved 
more  quickly  when  body  was  straight. 
At  edge  of  paper  it  paused,  explored, 
half  left  paper  and  withdrew  to  it ; 
turned  on  itself  and  crawled  toward 
front  across  paper.  Half-way  across 
it  turned  to  left,  crawled  to  edge  of 
paper,  withdrew  once  from  oilcloth, 
then  crawled  off  toward  back  on  oil- 
cloth. It  withdrew  tail  first  to  filter 
paper,  turned  and  crawled  toward  back. 


Sluggish  individual.     When  put  down. 


Figure  3.  —  Worm  K,  Set  2. 


Figure  2.—  Worm  C,  Set  2. 

IVorm  K,  Set  2.  March  9, 
1901.  Worm  turned  and  crawled 
at  once,  going  quickly  over  back 
edge.  When  replaced  at  2,  turned 
its  head  to  the  left  and  remained 
quiet  ten  seconds ;  turned  to- 
ward  back,  crawled  (more  slowly 
than  before)  in  diagonal  line  and 
.<rW  ^gj^j  Q^gj,  edge.      Replaced  at  3, 

turned  head  at  once  but  slowly 
toward  back  and  crawled  diag- 
onally back. 


JVarm  O.  Set  2.  March  9,  1901.  Worm  quiet  twenty  seconds,  then 
crawled  quickly  forward  diagonally  to  right.  Left  paper  without  recoil, 
crawled  more  slowly  on  the  oilcloth,  moving  toward  front  and  then  to  left, 
and  finally  crawled  on  the  filter  paper  again.     Crossed  filter  paper  and 
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left  it  by  left  back  corner.     Replaced  at  2,  worm  coiled,  crawled  toward 
front,  left   paper  by  front  edge,  turning  slightly  to  right  on   the  wood. 


—///</ 


end 


Figure  4.  — Worm  O,  Set  2. 

Replaced  at  3  it  crawled  diagonally  to  front,  crawled  out  on  wood,  keep- 
ing tail  on  filter  paper.  After  twenty  seconds  it  withdrew,  crawled  toward 
back  on  narrow  strip  of  exposed  oilcloth. 

Worm  If,  Set  1.  March  7, 
1901.  Worm  moved  head  at 
once  lifting  fifteen  segments ; 
crawled  quickly  to  right  front 
corner,  and  left  filter  paper 
for  wood  without  recoil.  Re- 
placed at  2,  it  crawled  straight 
toward  back  and  over  edge  with 
one  recoil.  Replaced  at  3  and 
at  4,  it  went  over  the  back  edge 
at  once ;  replaced  at  5,  crawled 
to  back  edge,  recoiled  from 
wood,  turned  to  left  and  crawled 
over  left  edge  without  recoil. 
Replaced  at  6,  it  was  quiet  ten 

_      „,        ,,  c.  .  1  seconds,  crawled  quickly  toward 

Figures. —  Worm  H,  Set  1.  ^  ^ 

front,  bending  to  left,  and  at  left 
front  corner  touched  wood  and  recoiled  four  times.  Crawled  backward, 
turned  to  right  and  moved  slowly  along  front  edge  of  paper  (=  beginning 
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of  advance  7).  Short  pause,  then  it  crawled  diagonally  across  paper  to 
right  back  and  left  plate  without  recoil.  (Its  course  was  deflected  near 
centre  of  plate  by  small  bit  of  manure.)  Replaced  at  8,  worm  crawled 
straight  forward  across  plate,  explored  wood  and  recoiled  four  times, 
turned  toward  front  and  over  edge  after  three  recoils. 

The  results  of  the  preliminary  experiments  are  given  in  Table  IV. 
From  the  detailed  results  quoted,  and  from  Table  IV,  the  follow- 
ing conclusions  are  apparent. 

1.  The  position  in  which  the  worm  is  placed  on  the  paper  is  a 
factor  in  determining  the  direction  in  which  the  worm  crawls.  Thus 
the  table  shows  that  79  per  cent  of  the  advances  are  positive  when 
the  worms  are  headed  toward  the  window  (col.  2),  while  when  started 
away  from  the  window  (col.  3),  82  per  cent  are  negative.  When  the 
worms  are  placed  parallel  to  the  surface  of  the  window  (col.  i)  17 
per  cent  of  the  movements  are  indifferent  (/.  e.,  directly  forward)  as 
compared  with  2  per  cent  indifferent  from  the  positive  position  and 
none  from  the  negative  position  (col.  3). 

2.  When  placed  in  the  indifferent  position,  the  worms  are  more 
likely  to  crawl  away  from  the  window  than  toward  it.  Thus  of  fifty- 
nine  responses  in  column  i,  thirty-six  (61  per  cent)  are  in  a  generally 
negative  direction,  thirteen  (22  per  cent)  are  generally  positive  and 
ten  (17  per  cent)  are  indifferent.  The  negative  movement  includes 
more  than  half  the  entire  number  in  the  first  column,  and,  speaking 
generally,  A.  foetida  reacts  negatively  to  light  stimuli  under  these 
conditions. 

3.  When  A.  foetida  reacts  to  light  it  is  more  likely  to  crawl  in  a 
diagonal  than  in  a  straight  or  direct  path.  If  crawling  positively 
it  is  more  likely  to  crawl  diagonally  than  directly.  A  series  of 
"diagonal"  paths  necessarily  includes  many  different  angles,  and 
theoretically  the  line  of  a  diagonal  advance  may  lie  anywhere  be- 
tween the  indifferent  path,  parallel  to  the  surface  of  the  window,  and 
the  exactly  negative  or  positive  path  at  right  angles  to  the  former. 
As  a  matter  of  fact,  the  diagonal  advances  do  lie  at  almost  every 
angle. 

4.  Although  /;/  general  A.  foetida  exhibits  under  these  conditions 
a  negative  response,  there  is  neither  constancy  nor  regularity  in  the 
reaction,  and  it  is  impossible  to  predict  with  certainty  whether  a 
given  worm  placed  on  the  paper  in  the  indifferent  position  will  crawl 
negatively,  positively,  or  indifferently. 

The  great  irregularity  of  response  in  the  preliminary  experiments 
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TABLE   IV.i 
Preliminary  experiments  on  lettered  worms.     Sets  1,  2,  3. 


• 

o 
A 

Worm  headed  across  plate 
(  1  to  window). 

Worm  headed  +. 

Worm  headed  — . 

-.  II-   II 

1  + 

B 

I+,  I!-;  +,  II- 

I  +  ;  II+.  I+.I  + 

f 

C 

• 

+  ;  11- 

— 

D 

!;+;    -,  II- 

+  ;   14- 

11- 

E 

+,    .  II+,  I-;  II-;  I-.    -   1+ 

1  ;  + 

1+,-,-;  + 

F 

11.  1+,-;  II-.  II  +  ;  1- 

I+.  I+;  I-;  + 

G 

-    -   I-;  II  +  ;   1- 

I  +  ;  +;  + 

— 

H 

11+ ;  -11- 

I+,  11+ 

-.--.-.. 11- 

I 

I-;  1- 

+  ;  +;  11  + 

J 

II-  I-;   I-;  - 

;  If 

K 

1 

I+;  --,--;  + 

L 

II-;     ;ll--,  lU 

+  ;  1  + 

M 

II-  II 

N 

+.  -,  - ;  II ;  -,  ~ 

+  ;  + 

— 

O 

II+,  1-  -,  1+ 

1+.+,+,  II +,    +,  II+,  + 

1+,  l!  + 

+  =    1            l-  =  2 

-  =  17            11+ =  3 

11=0 

Generally -=  19  =  82% 

Generally +  -    4-17% 

23  =  99% 

+  =4           |-  =  24 

-=12             l+=    9 

11  =  10 

Generally -  =  36  =    61% 

Generally +  =  13  =    22% 

Indifferent        10=    17% 

+  =  14            II- =    2 

-=    5            l  +  =  20 

=  2 

Generally +  =  34  =    79% 

Generally  —  =    7  =    16% 

Indifferent           2=      5% 

59  =  100% 

43  =  100% 

Summary  of  all  Reactions  in  Preliminary  Experiments. 

Generally     -=(36+    7  +  19)  =  62  =    50% 
Generally     +  =  (13  +  34+    4)  =  51  =    41% 
Indifferent  ()  =  (10+    2+    0)  =  12  =      9% 

125  =  100% 

1  In  this  and  all  following  tables  of  light  reactions,  the  same  abbreviations  are  used. 
+  indicates  a  movenjent  directly  toward  the  source  of  light ;  —  a  movement  directly  away 
from  the  source  of  light;  ||  a  movement  parallel  to  the  surface  of  the  window;  11+  a  diag- 
onally positive  movement  to  right  or  left;  II—  a  diagonally  negative  movement  to  the 
right  or  left. 
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led  to  the  adoption  of  the  following  apparatus  (see  Fig.  6).  A  tin 
box,  eight  inches  wide,  four  inches  deep,  and  twelve  inches  long,  which 
was  painted  black  inside  and  had  one  end  of  glass,  was  faced  against 
a  sunless  window  opposite  which  were  no  buildings.  The  floor  of 
the  box  was  covered  with  wet  gray  filter  paper.  On  this  were  placed 
thick  microscopic  glass  slides  arranged  to  form  two  narrow  paths  of 
the  same  width  as  a  worm's  body,  one  running  parallel  to  the  glass 
end,  the  other  at  right  angles  to  the  first  and  communicating  with  it. 
The  slides  were  almost  or  quite  as  thick  as  the  diameter  of  the  worm, 
and  the  paths  were  widened  or  narrowed 
according  to  the  size  of  each  individual 
worm.  The  slides  were  then  covered  with 
a  glass  plate,  which  completed  the  fourth 
side  of  the  paths.  This  device  provided 
narrow  moist  passages,  and  had  the  further 
advantage  of  cutting  off  currents  of  air,  and 
preventing  undue  drying.  The  method  of 
using  it  was  as  follows.  A  worm  was  taken 
up  with  the  section-lifter,  and  placed  care- 
fully on  the  filter  paper  with  the  head  end 
lying  in  the  indifferent  path  (||).  The  glass 
cover  was  quickly  lowered  with  as  little 
shaking  as  possible,  and  a  thick  black  cover 
was  drawn  over  the  head  of  the  observer 

and  over  the  entire  apparatus  except  the  glass  end.  Light  was  thus 
cut  off  except  from  the  front.  Preliminary  experiments  showed  that 
illumination  of  the  right  side  of  the  worm  produces  the  same  effect  as 
illumination  of  the  left.  For  convenience'  sake,  therefore,  the  worms 
were  introduced  from  the  right,  and  consequently  illuminated  from 
the  right  side  except  in  Set  8.  A  worm  introduced  into  a  narrow 
chink  like  the  paths  in  this  apparatus  is  almost  certain  to  crawl  for- 
ward. It  is  obvious  that  when  the  worm  reaches  the  end  of  the 
indifferent  path  it  is  forced  to  crawl  either  directly  front ^  or  directly 
back,  and  a  record  of  the  path  "chosen"  was  made  simply  as  -I-  or  —. 
The  worm  was  allowed  to  crawl  entirely  out  of  the  indifferent  path 
before  the  record  was  made.  Five  experiments  (that  is,  five  choices) 
were  made  in  a  set,  that  number  being  selected  to  avoid  the  danger 

*  The  words  "  front "  and  **  back  "  refer  always  to  the  light  and  dark  ends  of 
the  box  respectively,  while  **  forward  "  and  "  backward  **  refer  to  the  manner  of 
crawling,  head  first  or  tail  first  respectively. 


+ 

II 

Figure  6. 
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length.  But  when  it  reached  the  other  end  of  that  path  it  was  free 
to  crawl  in  any  direction.  The  great  number  of  possible  directions 
were  grouped  under  five  divisions,  the  same  as  those  used  above  in 
describing  the  preliminary  experiments.  Fig.  7  shows  the  range 
of  each  of  these  signs.  If  the  worm  as  it  left  the  indifferent  path 
turned  at  right  angles  to  that  path,  the  reaction  was  recorded  as  a 
simple  plus  or  minus,  whether  the  turn  was  made  as  soon  as  the 
worm  issued  from  the  path  (and  consequently  when  the  worm  con- 
tinued to  crawl  against  a  glass  side),  or  at  some  little  distance  from 
that  path.  Experience  showed  that  such  a  sharp  turn  was  always 
made  at  or  near  the  end  of  the  indifferent  path.     With  the  exception 

of  Set  13,  the  record  was  made  in  each  case 
simply  by  the  use  of  the  appropriate  sign, 
after  the  worm  had  entirely  crawled  out  of 
the  indifferent  path.  The  results  of  Set  13 
were  recorded  differently  (in  a  manner  to 
be  described  below),  although  the  same 
signs  were  used.  As  in  the  preceding 
group,  all  starts  were  made  from  the  right 
except  in  Set  9.  The  results  of  the  ex- 
periments with  this  apparatus  are  given  in 
Table  VII. 

It  is  to  be  noticed  first  that  out  of  three 
hundred  and  twenty-five  experiments,  none 
are  directly  plus,  and  only  seven  are  directly 
minus.  Sixty-eight  advances  (21  per  cent) 
are  continuations  of  the  indifferent  path,  a  high  proportion  when 
one  considers  the  tendency  of  this  species  to  be  deflected  from  a 
straight  course  by  objects  with  which  it  comes  in  contact.^  Twenty 
(6  per  cent)  are  diagonally  plus,  while  a  majority  of  all  the  reac- 
tions are  diagonally  minus,  —  two  hundred  and  thirty  out  of  three 
hundred  and  twenty-five  (71  per  cent).  Adding  the  directly  neg- 
ative and  diagonally  negative,  there  is  a  total  of  two  hundred 
and  thirty-seven  generally  negative  reactions,  against  twenty  in  a 
generally  positive  direction.  It  thus  appears  that  under  these  con- 
ditions, with  the  course  not  determined,  A.  foetida  has  a  negative 
reaction. 

It  is  to  be  particularly  noticed,  however,  that  of  the  two  hundred 
and  thirty-seven  negative  responses  only  seven  are  directly  away  from 

^  See  section  on  Thigmotaxis. 


"-—J, 
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Figure  7. 
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the  light,  the  remaining  two  hundred  and  thirty  being  more  or  less 
diagonal.  The  position,  i.e.j  the  angle  of  these  diagonal  responses 
varied  so  much  that  in  recording  Set  13  a  new  method  was  adopted. 
The  direction  of  the  worm,  as  it  issued  from  the  indifferent  path  and 


Figure  8.  — Worm  D,  Set  13. 
Record : 

1.  II-    2.  II     3.  II    4.  II     5.  II 


I    '4 
Figure  9.  — Worm  G,  Set  13. 

Record : 

1.  II-    2.  -    3.  II    4.  II-    5.   II- 


3     4  ^/    .5 

Figure  10.  — Worm  H,  Set  13.  Figure  11.  —  Worm  M,  Set  13. 

Record :  Record : 

1.  II-    2.  II-    3.  II-    4..1I-    5.  II-  1.  -    2.  II-    3.  II     4.  Il-f    5.  il 
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travelled  as  far  as  the  length  of  its  own  body,  was  traced  directly  on 
the  plate  forming  the  roof  of  the  apparatus  with  a  brush  dipped  in 
India  ink.  It  was  then  drawn  on  tracing  linen.  Figures  8,  9,  10,  and 
1 1  are  typical  examples  of  the  results  obtained  by  this  method.  The 
end  of  the  indifferent  path  is  indicated  by  the  straight  lines ;  for  the 
sake  of  clearness  the  path  is  widened  in  the  diagram.  Only  the  long 
axis  of  the  worm  is  shown,  so  that  it  is  possible  to  include  in  one  dia- 
gram the  five  advances  belonging  to  a  set.  The  twenty  experiments 
shown  were  made  in  the  same 
day  within  one  hour,  and  under 
the  same  conditions.  They  were 
selected,  because  they  show  the 
extreme  differences.  In  Fig.  8 
all  five  paths  lie  close  together, 
mainly  in  the  indifferent  direction. 
In  Fig.  9  they  are  more  scattered, 
one  indifferent,  one  directly  neg- 
ative,  and  three  diagonally  nega- 
tive. In  Fig.  10  they  are  close, 
but  at  a  different  angle  from  those 
in  Fig.  8,  while  in  Fig.  1 1  they  are 
widely  scattered. 

A  third  series  of  experiments 
was  made  on  these  fifteen  worms, 
in  which  the  apparatus  on  the 
floor  of  the  box  consisted  only  of 
a  glass  plate  supported  at  such  a 
height  that  it  just  touched  the 
back  of  the  worm.  The  worm 
was  laid  on  the  filter  paper  in 
the  indifferent  position,  the  cover  quickly  and  carefully  lowered, 
and  the  course  traced  as  before.  Some  of  the  results  are  given  in 
Figs.  12,  13,  and  14.  They  show  the  same  variety  of  response  that 
was  obtained  in  all  the  preceding  experiments.  Incidentally  these 
tracings  also  show  the  amount  of  feeling  and  testing  of  the  sur- 
rounding region  that  precedes  most  forward  crawling. 

This  great  variation  can  mean  only  one  of  two  things.  Either, 
under  the  conditions  of  the  experiments,  light  has  so  little  directive 
effect  that  minor  influences  such  as  slight  irregularities  in  the  surface 
of  the  paper  suflice  to  turn  the  animals  away  from  an  ideal  course 


Figure  12.  —  Worm  A. 
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leading  directly  from  the  light ;  or  Allolobophora  foetida  does  not  re- 
spond to  light  stimuli  with  the  mechanical  precision  predicated  for 
other  earthworms.  The  filter  paper  used  possessed  a  slight  grain, 
and  to  avoid  having  a  surface  with  constant  marks  and  ridges,  the 
pieces  were  cut  in  varying  directions  across  or  with  the  grain.  No 
difference  was  observed  in  thfe  results.  The  illumination  was  con- 
stant through  each  set  of  experiments,  while  the  apparatus  cut  off  air 
currents  and  provided  equal  contact  on  all  sides  of  the  body.  The 
conditions  therefore  were  constant,  yet  the  reactions  varied  consider- 
ably.     The    more    carefully 

3 — the  habit  of  crawling  of  this 

species  was  watched,  the 
more  I  inclined  to  the  second 
conclusion,  that  A.  foetida, 
while  it  has  a  negative  re- 
action to  diffuse  daylight, 
does  not  naturally  respond 
sharply  and  with  mechanical 
precision.  The  orientation 
of  the  body  in  relation  to 
light,  which  theoretically 
would  bring  the  long  axis  in 
a  directly  minus-plus  path 
(/.  e.^  in  a  path  parallel  to 
the  light  rays  and  with  the 
head  pointing  away  from  the 
source  of  light),  is  inexact 
and  poorly  defined  unless  the  worm  is  forced  to  crawl  in  the  directly 
minus-plus  path. 

It  may  be  worth  while  to  consider  here  the  factors  other  than  light 
that  could  enter  into  the  problem.  The  grain  of  the  filter  paper, 
mentioned  above,  was  a  constant  factor  through  any  given  set,  yet 
results  varied.  Therefore  the  irregularity  of  response  can  hardly  be 
due  to  the  grain  of  the  filter  paper. 

It  occurred  to  me  that  the  previous  path  may  exert  some  influence, 
that  is,  it  is  possible  that  an  actual  trace  is  left  by  the  worm  in  crawl- 
ing, which  guides  the  animal  the  next  time.  This  I  do  not  think  a 
factor  of  any  importance,  for  the  following  reasons.  First,  there  was 
no  indication  that  the  first  reaction  determined  the  second,  the  second 
the  third,  and  so  on,  which  would  necessarily  be  the  case  if  the  pre^ 


Figure  13.  —  Worm  H. 
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vious  path  exerted  an  influence.  On  the  contrary,  each  successive 
path  varied  without  relation  to  the  succeeding  paths.  Second,  the 
filter  paper  was  renewed  after  each  set  of  five,  so  that  the  paths  of  one 
set  could  not  have  affected  those  of  the  following  sets.  Third,  in 
some  previous  experiments  (not  included  in  the  above  report),  in 
which  fresh  paper  was  used  for  each  single  reaction,  no  difference  was 
observed  in  the  results  as  compared  with  those  in  which  the  filter 
paper  was  less  frequently  changed. 

The  influence  of  the  direction  from  which  the  worm  starts,  noted 
in  the  preliminary  experiments, 

Q 


is  also  apparent  in  the  results 
of  Series  x.  When  one  con- 
siders  the  marked  thigmotaxis 
of  A.  foetida,  sixty-eight  indif- 
ferent movements  out  of  three 
hundred  and  twenty-five  (21 
per  cent)  seems  a  large  pro- 
portion, and  is  only  to  be  ac- 
counted for  by  the  tendency  of 
the  animal  to  continue  crawling 
in  the  same  direction.  It  is 
worth  noticing  that  if  the  worm 
crawled  rapidly  through  the 
indifferent  path,  it  was  more 
likely  to  continue  in  that  direc- 
tion without  turning  than  when 
it  crawled  slowly  and  deliber- 
ately. If  the  speed  at  which  the  worm  traverses  the  indifferent  path 
is  an  important  factor  in  modifying  the  efl*ects  of  light  stimuli,  then 
the  slower  the  movement  of  the  worm  through  the  indifferent  path, 
the  more  decidedly  negative  should  be  the  response  when  it  leaves 
that  path;  while  those  moving  rapidly  through  the  indifferent  path 
ought  to  show  a  less  negative  response.  To  determine  this  point 
exactly  would  involve  the  use  of  apparatus  to  measure  the  rates  of 
speed  in  each  experiment,  and  this  is  yet  to  be  done. 

There  is  some  slight  indication  of  consistent  individual  differences, 
not  bound  up  with  the  sexual  phase,  for  an  examination  of  Table  V 
shows  worm  J  made  four  of  the  seventeen  plus  reactions  in  the 
whole  series.  The  records  of  the  preliminary  experiments  also 
showed  this  in  the  terms  used  to  describe  the   worms.     One   indi- 


Figure  14.  —  Worm  I. 
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vidual  was  described  in  each  set  as  "sluggish,"  the  recorder  not 
noticing  until  the  end  of  the  series  that  the  word  had  been  used 
before,  while  others  were  twice  described  as  **  lively,  irritable  "  worms. 
However,  the  individuality  is  slight  and  not  sharply  defined,  although 
it  undoubtedly  exists. 

After  the  experiments  above  recorded  were  completed,  a  paper 
appeared  by  Prof.  G.  H.  Parker  and  Mr.  L.  Arkin  in  this  Journal 
for  April,  1901.  The  authors  find  that  **  The  earthworm  Allolobo- 
phora  foetida  (Sav.)  when  exposed  to  light  of  moderate  intensity 
creeps  away  from  the  source  of  light,  /.  e.y  is  negatively  phototactic," 
and  that  26  per  cent  of  head  movements  were  away  from  the  light 
when  the  entire  animal  was  illuminated  from  one  side.  With  the 
general  statement  that  the  animals  are  negatively  phototactic  my 
results  are  fully  in  accord.  I  found,  however,  that  when  the  worms 
were  free  to  crawl  in  any  direction  after  traversing  a  path  in  which 
they  were  illuminated  from  one  side  by  diffuse  daylight,  the  negative 
percentages  were  higher,  and  when  forced  to  crawl  in  one  of  two 
definite  paths  were  much  higher  than  in  the  results  quoted  from 
Professor  Parker  and  Mr.  Arkin. 

Thigmotactic  Reactions,  and  the  Modification  of  this 

Response  by  Light. 

It  is  a  common  observation  that  earthworms  have  the  habit  of 
lying  coiled  together  in  masses.  Darwin  ^  refers  to  this  habit  of 
Lumbricus  in  the '*  P'ormation  of  Vegetable  Mould"  and  Hoffmeis- 
ter^  says  earthworms  pass  the  winter  either  singly  or  rolled  up  with 
others  at  the  bottoms  of  their  burrows.  Allolobophora  foetida  has  a 
similar  habit.  When  a  number  of  these  worms  are  kept  in  a  glass 
dish  they  can  be  seen  lying  against  the  bottom  either  coiled  together 
or  applied  against  each  other  in  straight  lines.  Often  the  entire  mass 
of  worms  is  found  lying  in  the  angle  formed  by  the  bottom  and  sides 
of  the  dish.  If  two  or  more  worms  crawling  on  wet  filter  paper  touch 
each  other,  they  place  themselves  side  by  side.  Sometimes  they  cling 
so  closely  in  this  position  that  it  is  difficult  to  separate  them.  If  a 
worm  in  crawling  turns  so  that  its  head  touches  its  body,  the  worm 
turns  on  itself  and  crawls  along  its  own  body  until  the  head  projects 

*  Darwin  :    Formation  of  Vegetable    Mould   by  the  Action  of  Earthworms, 

P-  34- 

2  HoFFMEiSTER :  Famllie  der  Regenwiirmer,  p.  13, 
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beyond  the  tail,  when  it  may  either  continue  crawling  forward, 
straightening  out  the  loop*,  or,  turning  again  on  itself,  it  may  bury  the 
head  beneath  the  other  folds.  If  there  is  an  object  on  the  filter  paper 
making  an  angle  with  it,  the  worms  crawl  into  the  angle  if  they  touch 
the  object,  and  if  the  latter  is  dark  the  worms  will  not  leave  it  for 
light  areas. 

Pieces  of  cylindrical  glass  rod  one  quarter  of  an  inch  in  diameter,  of 
varying  lengths  in  comparison  with  the  length  of  the  worm,  were  laid  in 
pairs  on  the  filter  paper  in  contact  with  each  other  so  that  a  triangu- 
lar passage  was  formed  between  them  and  the  filter  paper.  Since  the 
rods  were  transparent,  the  artificial  burrow  thus  provided  was  little 
darker  than  the  paper  outside.  The  worm  was  laid  down  near  one  end 
of  this  small  passage  so  that  in  crawling  the  head  came  in  contact 
with  the  ends  of  the  rods.  Such  a  contact  resulted  always  in  a 
series  of  investigating  head-movements,  in  the  course  of  which  the 
passage  was  found.  As  soon  as  the  head  happened  to  be  poked  into 
the  narrow  chink  the  worm  crept  forward  into  it,  often  quite  rapidly. 
If  the  rods  were  longer  than  the  worm  it  remained  in  the  passage  for 
some  time  (varying  from  eight  to  twenty  minutes),  but  sooner  or  later 
it  crawled  entirely  through  and  out  the  opposite  end,  usually  after 
one  or  two  recoils.  If  the  rods  were  shorter  than  the  worm  the 
animals  entered  as  before,  but  either  crawled  straight  through  or  re- 
mained a  short  time  (one  to  two  minutes).  If  rods  are  very  gently 
laid  on  each  side  of  the  head  while  the  worm  is  extended  upon  the 
filter  paper,  so  that  the  head  lies  within  the  channel,  the  worm 
usually  crawls  forward,  but  if  the  rods  are  similarly  laid  against  the 
tail  there  is  no  backward  crawling  into  the  passage.  In  those  cases 
where  a  worm  remained  in  a  passage  shorter  than  the  body  it  neces- 
sarily happened  that  a  part  of  the  body  must  lie  outside.  This 
uncovered  portion  was  always  the  tail  end.  That  is,  the  worms 
remained  quiet  for  a  short  time  with  the  tail  protruding,  but  as  soon 
as  they  crawled  far  enough  forward  to  thrust  out  the  head  they  left 
the  passage. 

A  series  of  experiments  was  next  made  with  the  apparatus  of  which 
aground  plan  is  shown  in  Fig.  15.  Three  thick  microscopic  glass 
sides  were  placed  end  to  end  across  a  square  of  wet  filter  paper  so 
that  they  formed  a  transparent  barrier  {A,  Fig.  15)  parallel  to  the 
surface  of  the  window  by  which  the  apparatus  was  lighted.  A  narrow 
black  box  (5)  standing  on  the  slides  cast  a  strip  of  shadow  (Z>)  on 
the  filter  paper,  while  between  the  slides  and  this  shadow  was  a  nar- 
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row  strip  of  light  (C).  Light  from  the  other  sides  was  cut  off  by 
black  screens.  Experiments  were  made  in  diffuse  light  and  in  sun- 
light. 

Diffuse  Light,  —  Worms  put  down  in  the  strip  of  shadow  explored 
the  lighter  areas  on  each  side  before  stretching  the  head  far  enough 
to  touch  the  glass.  As  soon  as  the  head  touched  the  slides  the 
worms  crawled  against  the  glass,  thereby  lying  directly  in  the  light. 
In  this  position  they  remained  from  one  to  five  minutes,  making 
many  exploring  head  movements  and  crawling  back  and  forth  along 

the  side  of  the  glass.     They 
Direction  of  light.  did  not  crawl  around  the  free 

ends  of  the  slides  (in  which 
position  they  would  have 
pointed  directly  toward  the 
window),  but  recoiled  when 
the  head  extended  beyond 
the  end.  The  worms  finally 
left  the  glass,  not  by  turn- 
ing the  head  away  from  the 

5   light  and  crawling  away  in 

a  definite  direction,  but  on 
the  contrary  this  occurred 
only  when  the  worm  in  ex- 
ploring moved  the  anterior 
third  of  the  body  away  from 
the  glass.  When  this  por- 
tion of  the  body  was  no 
longer  in  contact  with  the 
glass,  the  worm  crawled 
away  across  the  light  paper,  usually  in  a  more  or  less  negative  direc- 
tion. The  entire  apparatus  was  now  shaded  so  that  there  was  no 
difference  in  illumination  between  different  areas  immediately  behind 
the  glass,  although  the  remainder  of  the  paper  was  brightly  illumi- 
nated. The  worms  were  placed  so  that  in  crawling  they  soon  came 
against  the  slides.  The  animals  now  crawled  against  the  slides  as  soon 
as  the  head  came  in  contact,  but  instead  of  crawling  away  after  a  short 
time  remained  as  long  as  the  slides  were  entirely  shaded  (ten  min- 
utes). During  this  time  the  worms  explored  as  before,  recoiling 
each  time  the  head  was  thrust  into  the  light.  When  the  cover  was 
removed  and  the  apparatus  illuminated  as  in  the  preceding  experi- 
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merits  the  worms  crawled  back  and  forth,  explored,  and  soon  deserting 
the  strips,  moved  across  the  filter  paper. 

These  experiments  were  repeated  on  worms  from  which  ten  or 
t^'elve  anterior  segments  had  been  cut.  When  put  down  on  the  filter 
paper  with  the  anterior  end  in  contact  with  the  slides,  the  animals 
crawled  away  tail  first.  If  the  barrier  was  laid  across  the  path  of 
a  forward-moving  mutilated  worm,  the  animal  crawled  backward 
for  a  short  distance  after  touching  the  barrier,  and  sometimes  re- 
peated this  several  times  before  showing  any  disposition  to  apply 
itself  against  the  barrier.  If  it  did  come  to  lie  against  the  strips 
there  was  no  testing  of  the  adjacent  regions  as  in  normal  worms,  but 
on  the  contrary  the  worms  crawled  backward  and  forward  along  the 
glass  and  finally  left  it  in  an  entirely  indefinite  manner. 

Sunlight,  —  When  the  same  apparatus  was  illuminated  by  direct 
sunlight  and  normal  worms  placed  in  the  strip  of  shadow,  Z>,  they 
tested  the  areas  on  each  side  of  the  shadow  and  crawled  quickly  over 
the  sunlit  paper,  whether  the  head  had  touched  the  slides  or  not. 
If  placed  against  the  slides  in  the  light  strip,  there  was  usually  a  short 
latent  period  (ten  to  twenty  seconds),  and  then  the  worm  crawled 
away  as  before.  If  put  on  the  paper  in  front  of  the  slides  and  started 
crawling  toward  them  the  worms  tried  at  first  to  push  through,  but 
flailing  in  that  they  turned  along  the  glass,  crawled  to  the  end  and 
either  continued  moving  in  a  straight  line  or  turned  around  the  end 
of  the  glass. 

Beheaded  worms  exposed  to  full  sunlight  crawled  at  once  in  the 
direction  in  which  the  anterior  end  happened  to  point.  If  they  came 
against  the  slides  they  showed  no  tendency  to  remain  there. 

The  next  apparatus  consisted  of  a  small  glass  box  (f  in.  x  3J  in. 
X  3  J  in.)  open  on  one  of  the  four  small  sides  and  resting  on  wet  filter 
paper  on  one  square  side.  By  means  of  microscopic  slides  the  level 
of  the  paper  outside  was  raised  flush  with  the  floor  of  the  box.  The 
opening  was  turned  either  toward  the  window,  away  from  the  window, 
or  toward  one  side.  The  apparatus  was  illuminated  from  one  side 
with  diffuse  light  from  a  sunless  window,  as  above.  When  a  worm 
crawling  over  the  wet  filter  paper  touched  the  outside  of  the  box,  it 
turned,  applied  itself  against  the  box  and  followed  the  outline  of  the 
latter.  Upon  reaching  the  open  side  the  worm  crawled  around  the 
edge  and  into  the  box,  keeping  always  in  the  angle  formed  by  the 
bottom  and  side.  It  then  travelled  around  the  three  sides,  sometimes 
doubling  on  itself  and  sometimes  without  interruption  of  its  forward 
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movement.  If  the  box  was  now  entirely  shaded  the  worm  remained 
in  it  for  some  time  (half  an  hour  to  two  hours).  If  partially  shaded 
it  coiled  against  the  side  within  the  shaded  portion  ;  if  left  unshaded 
it  crawled  out  of  the  box  at  one  corner.  When  the  head  of  the  worm 
entered  the  open  side  of  the  box  at  any  point  too  far  away  from 
a  corner  to  have  more  than  the  ventral  surface  in  contact  with  the 
glass,  the  worm  withdrew  from  the  box  and  turned  in  another  direction. 
In  general,  Allolobophoradoes  not  leave  wet  filter  paper  for  glass,  and 
this  experiment  shows  that  it  is  not  contact  with  glass  as  a  substance 
that  causes  entrance  into  the  box,  but  contact  on  more  than  one  sur- 
face of  the  worm's  body. 

The  box  was  next  placed  on  the  filter  paper  in  an  almost  vertical 
position,  with  the  open  end  down  and  resting  on  one  long  edge  so 
that  a  worm  could  crawl  under  the  open  end.  The  worms  were  then 
made  to  crawl  against  the  inner  side  of  the  supporting  edge,  near  one 
angle.  Out  of  six  experiments  only  one  worm  entered  entirely.  It 
crawled  around  the  three  sides,  remaining  quiet  against  the  top  for 
three  minutes,  then  down  a  vertical  side  and  out.  The  others  tested 
the  vertical  angles  and  one  entered  for  a  third  of  its  length,  but  all 
withdrew  and  crawled  away.  When  the  box  in  this  position  was  cov- 
ered with  black  paper  two  worms  entered  it  and  were  found  against 
the  top.  A  third  did  not  really  enter,  but  slipped  between  the  box 
and  its  paper  covering,  without  vertical  crawling.  When  the  uncov- 
ered box  was  supported  vertically  with  the  open  side  up  and  at  the 
level  of  the  plate  on  which  the  filter  paper  rested,  the  worms  turned 
down  into  it  as  soon  as  the  head  ran  over  the  edge  of  the  plate,  so  as 
to  project  over  the  open  side  of  the  box,  crawled  down  one  side, 
around  the  bottom  and  finally  to  the  open  top  after  a  shorter  or  longer 
pause. 

By  means  of  eight  narrow  strips  of  glass  imbedded  in  parafHn  on 
the  oblong  bottom  of  this  box,  the  interior  was  subdivided  into  nine 
narrow  spaces.  It  was  thus  almost  impossible  for  the  worm  to  explore 
the  open  end  of  the  box  without  finding  one  or  more  corners.  In 
addition  to  the  numerous  corners  and  angles  thus  provided,  there 
were  many  small  splits  in  the  paraffin,  while  the  latter  contracted 
entirely  away  from  the  glass  in  the  centre  of  each  long  side,  leaving  a 
narrow  crevice  which  communicated  with  each  of  the  nine  narrow 
subdivisions.  When  the  box  stood  vertically  open  end  up  and  at  the 
level  of  the  plate,  the  worms  crawled  in,  down  one  corner  to  the 
bottom  and  after  much  exploring  wedged  themselves  into  the  darker 
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of  the  two  narrow  crevices  mentioned  above,  between  the  paraffin  and 
the  box.  If  the  box  was  turned  over  so  that  the  worms  came  to  lie 
on  the  lighter  side,  there  was  at  first  no  response,  but  after  one 
or  two  minutes  the  worms  moved  slowly  until  the  head  was  thrust 
into  shadow,  either  of  its  own  body  or  of  the  paraffin. 

When  the  box  with  its  partitions  was  placed  on  the  filter  paper  on 
one  square  side,  with  the  opening  away  from  the  window,  the  worms 
entered  as  soon  as  the  head  touched  any  partition,  and  crawled  to  the 
back.  In  all  cases  the  worms  crawled  as  far  as  possible  under  the 
paraffin  (even  though  they  thereby  left  a  comparatively  dark  shadow 
cast  by  the  paraffin  for  a  lighter  strip).  If  the  box  was  turned  over, 
so  that  the  worm  was  on  top  of  the  paraffin  and  in  full  light,  it  slowly 
changed  its  position  so  that  it  lay  under  the  paraffin  again.  If  left 
uncovered,  the  worms  crawled  out  of  this  box  after  from  half  an  hour 
to  an  hour.  If  covered  with  black  oilcloth  and  the  filter  paper  kept 
constantly  moist  they  remained  in  it  for  a  long  time.  One  individual 
remained  for  over  eighty  hours,  apparently  moving  but  little  through 
the  chinks  and  crannies  at  the  back  of  the  box  except  when  the  cover 
was  lifted.  Then  it  crawled  quickly  up  and  down  the  angles,  but  did 
not  leave  the  box.  If  a  worm  is  laid  on  wet  filter  paper  covered  darkly 
with  oilcloth  and  left  for  some  hours,  it  does  not  remain  on  the  dark 
wet  filter  paper,  but  is  found  dried  up  at  some  distance.  The  wet 
filter  paper  surely  oflfers  a  surface  more  natural  than  the  glass  box, 
even  when  this  is  sprinkled  inside.  The  fact  that  the  worms  remain 
in  the  box  so  long  a  time  is  therefore  undoubtedly  due  to  thigmo- 
taxis. 

Summary,  —  Allolobophora  foetida  possesses  a  marked  thigmotactic 
response.  In  diffuse  light  the  response  to  contact  with  a  transparent 
object  (such  as  the  glass  barrier)  overcomes  for  a  time  the  restless- 
ness and  negative  reaction  to  light.  In  direct  sunlight  the  restlessness 
is  so  extreme  that  it  entirely  overpowers  the  thigmotactic  response. 
Sooner  or  later  the  thigmotactic  reaction  is  overcome  by  light,  the 
time  during  which  light  must  act  bearing  an  inverse  relation  to  its 
intensity.  The  smaller  the  crack,  provided  the  worm  is  able  to  enter 
it,  the  more  marked  is  the  response  when  the  worm  pokes  its  head 
into  one  end,  and  consequently  the  stronger  must  be  the  light  stimu- 
lus to  overpower  thigmotaxis.  In  the  dark,  thigmotactic  response  to 
contact  on  all  sides  of  the  body,  such  as  is  offered  by  a  narrow  pass- 
age, is  so  strong  that  the  worm  remains  for  days  in  a  somewhat  dry 
and  certainly  unnatural  environment. 
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This  work  was  done  in  the  Biological  Laboratory  of  Bryn  Mawr 
College,  under  the  guidance  of  Professor  Thos.  H.  Morgan,  and  I 
wish  to  take  this  opportunity  of  thanking  him  for  his  criticism  and 
advice. 
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The  work  of  Bickford,  Driescu,  and  myself  has  shown  that 
small  pieces  of  the  stem  of  Tubularia  often  produce  parts  of  whole 
hydranths  instead  of  reduced  hydranths  of  proportionate  size.  Driesch 
discovered  that  the  more  distal  parts  of  the  stem  give  rise  more 
often  to  these  incomplete  structures.  My  own  work  lead  me  to  in- 
fer that  also  other  factors,  than  that  of  nearness  to  the  end  are 
involved  in  the  regeneration,  and  I  suggested  that  the  behaviour  of 
individual  stems,  and  of  diflfercnt  regions  of  the  same  stem  might 
possibly  be  due  to  the  age  of  the  stem  in  the  sense  that  recently 
formed  stems  are  more  likely  to  give  rise  to  incomplete  structures 
than  stems  that  have  been  formed  for  some  time.  The  practical 
difficulties  of  testing  this  view  are  not  perhaps  very  great,  since  this 
only  involves  keeping  newly  formed  individuals  alive  for  some  time, 
but  the  colonies  that  I  kept  in  aquaria  during  the  past  summer  at 
Woods  HoU,  did  not  grow  sufficiently  well  and  the  new  hydranths 
did  not  remain  alive  long  enough  to  make  the  results  a  success. 
Moreover  during  July  and  August  the  colonies  of  Tubularia  (Parypha) 
orocm.  were  beginning  to  disappear  in  their  natural  haunts,  and  by 
the  end  of  August  had  almost  completely  disappeared.  Nevertheless 
by  selecting  the  most  vigorous  colonies,  and  those  which  had  ob- 
viously been  recently  growing  and  forming  new  shoots  I  obtained 
enough  material  to  give  some  results  of  interest.  My  main  effort 
was  directed  towards  observing  the  behaviour  of  consecutive  pieces 
from  the  distal  end  of  the  same  stem,  and   comparing  these  results 
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with  those  from  similar  pieces  of  varying  lengths  from  other  stems. 
The  method  previonsly  most  often  employed  by  Driesch  and  by 
myself  of  recording  the  results  from  pieces  having  the  same  numeri- 
cal position  in  different  stems  is  less  exact  for  the  purposes  that 
I  had  in  view^). 

A  preliminary  examination  of  the  regeneration  of  pieces  of  the 
American  form  (T.  crocea)  showed  that  short  pieces  give  the  same 
incomplete  structures  and  double  structures  that  are  found  in  the 
Neapolitan  form  as  observed  by  Driesch  and  by  myself,  and  in 
T.  teneUa  studied  by  Bickford.  In  describing  these  new  results 
I  shall  make  use  of  the  same  nomenclature  and  abbreviations  used 
in  my  former  paper  in  which  figures  of  the  different  forms  are  given. 
Thus,  pb.  stands  for  proboscis  (Fig.  O  of  my  previous  paper); 
hy.  +  stem  stands  for  hydranth  and  stem  (Fig.  A)\  hy.  +  stalk 
for  hydranth  and  stalk  (Figs.  5,  C);  hy.  for  hydranth  (Fig.  D); 
d.  pb.  for  double  proboscis  (Fig.  K)\  d.  hy.  for  double  hydranth 
(Figs.  Hj  J)  etc.  In  further  explanation  of  the  terms  used  in  the 
tables  to  designate  the  different  incomplete  structare  it  should  be 
pointed  out  that  while  a  hydranth  (hy.),  a  hydranth  plus  repro- 
ductiye  organs  (hy.  +  reprod.),  and  a  proboscis  (pb.)  are  incomplete 
structures,  a  hydranth  plas  stem  (hy.  -f-  stem)  is  not  an  incomplete 
structure,  and  a  hydranth  plus  stalk  (hy.  +  stalk)  is  doubtfully  an 
incomplete  structure,  and  one  only  in  the  sense  that  proportionately 
more  of  th^  piece  has  been  used  in  forming  the  hydranth  than  in 
forming  the  stalk.  Even  the  hydranth  (hy.)  in  these  tables  is  in 
itself  complete,  but  since  it  lacks  a  stalk,  or  a  stem  it  is  an  incom- 
plete hydroid,  but  not  an  incomplete  hydranth. 

The  following  tables,  I — IX,  give  the  sizes  of  the  pieces  and 
the  kinds  of  structures  that  regenerate  from  consecutive  short  pieces 
of  the  same  stem.  The  pieces  were  of  about  the  same  length^). 
The  first  piece,  1,  is  in  these,  and  in  all  following  tables  the  most 
distal  piece,  and  lay  just  behind  the  hydranth  3). 


^)  Driesch  gives  five  series  of  consecutive  pieces  from  the  same  stem. 

2)  The  numbers  correspond  to  divisions  of  the  eye-micrometer.  Thirty^two 
diviBions  eqnal  one  millimeter. 

3)  The  average  length  of  normal  hydranth -forming  regions  is  about  20 
divisions  for  pieces  cut  off  some  distance  from  the  distal  end,  Fig.  L.  The 
length  of  a  hydranth-forming  region,  nearer  the  old  hydranth,  may  be  double 
this  length,  Fig.  a 
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Table  I. 


Table  II. 


No.  of 
pioce 

Size  of 
piece 

Kind  of  structure 

1 

20  (X  8: 

dead 

2 

22 

d.  pb. 

3 

29 

d.  pb. 

4 

21 

d.  pb.  ?: 

3 

28 

hy.  -j-  stalk 

Tab] 

ie  III. 

No.  of 
piece 

Size  of 
piece 

Kind  of  structure 

1 

40   Xll 

d.  pb. 

2 

4() 

d.  pb.  4-  reprod. 

:\ 

41 

d.  hy.  -h  reprod. 

4 

45 

d.  pb. 

5 

50 

hydranth 

Tat 

►le  V. 

No.  of 
piece 

Size  of 
piece 

Kind  of  structure 

1 

62 

d.  pb. 

2 

50 

d.  pb.  -f-  reprod 

3 

49 

hydranth 

4 

50 

d.  pb. 

Table  VII. 


No.  of 
piece 

Size  of 
piece 

Kind  of  structure 

1 

40 

d.  pb. 

2 

44 

hy.  -f-  stalk 

3 

42 

pb. 

4 

35 

dead 

5 

40 

d.  pb.  ;?: 

No.  of 
piece 


1 

2 
3 


No.  of 
piece 


1 
2 
3 
4 


No.  of 
piece 


1 
2 
3 
4 
5 

Table  IX. 


No.  of 
piece 


Size  of 
piece 


No.  of 

Size  of 

piece 

piece 

1 

42  X  8: 

2 

39 

] 

3 

38 

4 

38 

5 

45 

Kind  of  structure 

pb. 
hydranth 


4-  stAlk 


Table  IV. 


Size  of 
piece 


Kind  of  structure 


GO  :x  16 

62 
60 
75 


d.  pb. 

d.  pb.  -I-  reprod. 
hy.  4-  stalk 
d.  hvdranth 


Table  VI. 


Size  of 
piece 


Kind  of  structure 


29  ;x  15 

25 
29 
30 


pb. 

nothing 

d.  pb. 

pb.  4-  reprod. 


Table  VIII. 


Size  of 
piece 


Kind  of  structure 


40 
lost 
46 
48 
42 


pb. 

lost 

pb. 

hy.  -jr  few  tentacles 

hy.  4-  very  few  tent. 


Kind  of  structure 


1 

2 
3 
4 
5 


So 
95 
98 
98 
102 


d.  pb.  4-  reprod. 
hydranth 

d.  hydranth 
hvdranth 
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From  these  tables  it  wonld  be  difficult  to  draw  any  positive 
conclnsion  in  regard  to  the  incomplete  stmctures.  The  results  are 
especially  difficult  to  interpret  owing  to  the  presence  of  so  many 
double  structures;  and  we  do  not  know  what  factors  determine  the 
formation  of  double  structures  in  preference  to  single  ones.  Never- 
theless the  tables  indicate,  so  far  as  they  show  anything  definite, 
that  there  is  a  certain  similarity  in  the  behaviour  of  the  pieces  of 
the  same  stem,  but  I  should  hesitate  to  state  that  this  is  so  on  the 
insufficient  evidence  from  these  experiments  alone. 

There  is  a  farther  point  in  regard  to  the  double  structures  that 
has  not  been  previously  noticed  by  either  Driesch  or  myself, 
although  it  was  perhaps  tacitly  implied.  The  double  structures 
always  produce  the  same  kind  of  complete  or  incomplete  structures 
at  both  ends.  For  instance,  if  a  double  structure  has  a  whole  hy- 
dranth  at  one  end,  it  has  a  whole  hydranth  at  the  other  end;  if  it 
has  a  proboscis  at  one  end,  it  has  a  proboscis  at  the  other  end,  etc. 
There  is  never  produced  a  hydranth  at  one  end  and  a  proboscis  at 
the  other.  The  meaning  of  this  is  not  far  to  seek.  The  influences 
at  the  two  ends  are  so  nearly  the  same  that  the  material  is  equally 
divided  between  the  two  products.  If  there  is  enough  material  for 
a  whole  hydranth  to  develop  at  each  end  then  a  double  hydranth 
is  produced,  but  if  the  piece  is  too  small  to  produce,  under  the 
conditions,  two  whole  structures,  then  two  incomplete  and  equivalent 
structures  develop.  This  conclusion  fits  in  very  well  with  another 
one  that  I  have  called  attention  to,  viz.,  that  in  these  double  struc- 
tures the  two  ends  develop  at  exactly  the  same  rate.  This  is  the 
more  surprising,  because  when  long  pieces  are  used  the  proximal 
hydranth  is  usually  twenty-four  hours  behind  the  distal  one  in  its 
appearance.  In  small  pieces  the  entire  development  is  retarded.  It 
may  not  be  going  too  far  to  assume  that  in  these  pieces  the  deve- 
lopment of  the  distal  and  proximal  hydranths  mutually  influence  the 
rate  of  development  of  each  other. 

At  the  time  of  year  at  which  I  worked  many  of  the  stems  were 
sending  out  at  the  sides  a  large  crop  of  new  short  stalks  ending  in 
hydranths.  In  fact,  many  bunches  were  composed  of  old,  sometimes 
headless  stalks  with  lateral  branches.  I  attempted  to  find  out  if 
short  pieces  from  the  basal  ends  of  these  new,  short  branches  would 
produce  whole  hydranths,  like  those  from  the  basal  region  of  long 
pieces,  or  incomplete  structures  like  those  from  the  proximal  ends  of 
longer  pieces  —  the  two  regions  being,  as  far  as  distance  alone  is 
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concerned,  about  the  same.  A  few  experiments  that  I  made  showed 
that  incomplete  structures  are  most  often  formed.  This  may  be  due 
either  to  the  nearness  of  the  piece  to  the  original  hydranth,  accord- 
ing to  Driesch's  principle,  or  to  the  newness  of  the  new  stalk  ac- 
cording to  the  view  which  I  think  is  probably  true  —  or,  in  fact,  to 
both  together.  The  results  in  fourteen  cases  are  here  given;  each 
short  piece  was  cut  from  the  base  of  a  diflferent  branch  ^). 

Table  X. 


Size  of  piece 


Kind  of  strnctnre 


Size  of  piece 


Kind  of  stractnre 


15  X  10} 

20 

25 

22 

22  (X  12; 
20  :x  11.) 

8  X  10] 

18  (x  10) 


d.  pb. 

hy.  H-  reprod. 

d.  pb. 

hydranth 
hy.  +  stem 
d.  pb. 
pb.  -f-  reprod. 


(  20  X  13) 
i  34  x  12} 


\2i 


25  X  8' 
20 
10 
23 


pb.  -f  reprod. 
hy.  -|-  stalk 

hy.  -H  stalk 

pb. 

pb. 

hydranth 


In  a  few  cases  a  variation  of  the  first  series  of  experiments 
was  carried  out.  From  the  distal  end  of  each  stem  a  series  of  con- 
secutive pieces  of  increasing  or  of  decreasing  lengths  were  cut  off. 
The  following  tables  XI — XV  give  the  results. 

Table  XL  Table  XII. 


No.  of 
piece 

Size  of 
piece 

Kind  of  strnctare 

1 

52;xl4V2) 

pb.  -h  reprod.  (?) 

2 

40 

pb. 

3 

33 

pb.  +  reprod. 

4 

30 

d.  pb. 

5 

25 

d.  pb.  (?) 

6 

20 

d.  pb.  (?) 

No.  of 
piece 


Size  of 
piece 


Kind  of  atmcinre 


1 

2 
3 
4 
5 


Table  XIII. 


75  (X  13 

60 

52 

45 

36 


d.  pb.  -h  reprod. 
hy.  -f-  stalk 

hydranth 
hydranth 


No.  of 
piece 

Size  of 
piece 

Kind  of  strnctnre 

1 

-58 

dead 

2 

41 

pb.  -h  reprod. 

3 

35 

d.  pb. 

4 

30 

pb. 

6 

16 

d.  pb.  (?) 

1)  The  brackets  indicate  that  the  pieces  came  from  the  same  colony. 
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Table  XIV. 


Table  XV. 


No.  of 
pieee 

Size  of 
piece 

Kind  of  stractnre 

1 
2 

3 
4 

20  (X  11) 
29 
45 
52 

dead 

d.  pb. 

d.  pb.  -f  d.  reprod. 

d.  pb.  +  d.  reprod. 

No.  of 
piece 

Size  of 
piece 

Kind  of  Btrnctare 

1 

23 

dead 

2 

29 

d.  pb. 

3 

30 

d.  pb.  -f  reprod. 

4 

60 

d.  pb.  -h  reprod. 

These  tables  give  an  unexpected  verification  of  the  conclusion 
doabtfnlly  drawn  from  the  first  series.  They  seem  to  show  that  the 
length  of  the  pieces  from  the  distal  region  is  of  less  importance 
than  the  kind  of  stalk  from  which  the  pieces  are  cut.  Still  I  regard 
the  results  as  too  meagre  to  establish  this  view,  however  probable 
it  may  appear.  Should  more  extensive  experiments  on  material  in 
better  condition  make  certain  this  conclusion,  they  would  make  clearer 
the  result,  so  often  observed  when  short  pieces  are  taken  haphazard 
and  all  kept  together,  viz.,  that  pieces  of  the  same  length  often  give 
rise  to  diflFerent  structures,  and  pieces  of  very  diflFerent  lengths  to 
similar  structures,  even  when  all  the  pieces  have  come  numerically 
from  similar  distal  regions. 

A  comparison  between  the  lengths  of  the  hydranth-forming  region 
in  pieces  from  the  distal  end  of  the  stem  and  that  of  pieces  from 
more  proximal  regions  brings  to  light  a  somewhat  remarkable  result, 
viz.,  that  although  the  length  of  the  distal  pieces  may  be  three  or  four 
times  as  great  as  that  which  goes  to  form  the  hydranth  in  proximal 
regions,  yet  incomplete  structures  and  incomplete  double  structures 
often  develop.  This  is  strikingly  shown  by  comparing  the  hydranth 
forming  area,  measuring  20  divisions,  of  Fig.  L  (from  a  proximal  part 
of  the  stem]  with  the  lengths  of  some  of  the  pieces  in  the  first 
fifteen  tables.  In  the  latter  there  are  cases  in  which  only  a  hydranth 
forms  in  pieces  measuring  95,  98  and  even  105  divisions,  which  are 
four  or  five  times  as  long  as  the  length  of  the  area  in  Fig.  L, 

There  are  also  a  number  of  cases  in  these  tables  in  which  pro- 
boseides  develop  in  pieces  measuring  40  and  more  divisions.  In  other 
words  incomplete  structures  are  produced  by  distal  pieces  that  are 
several  times  longer  than  the  average  basal  hydranth  region.  What 
is  the  meaning  of  this  difference?  One  of  the  factors  at  least  we 
can  put  our  finger  on.  The  thickness  of  the  wall  (coenosarc)  in  the 
more  distal  region  of  newly  formed  stems  is  very  much  less  than 
that  in  the  basal  region,  so  that  quantitatively  the  lengths  of  pieces 
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from  these  two  regions  do  not  repreBent  the  volume  of  the  material 
contained  in  them.  A  longer  distal  piece  maj  contain  lees  material 
than  a  shorter  basal  piece.  I  do  not  donbt  that  other  faetore  also 
come  into  play. 

A  similar  phenomenon  is  fonnd  in  regard  to  double  struetares 
formed  in  distal  pieces.  In  Figa.  A,  B,  C,  D  arc  sliown  four  cou- 
seentire  pieces  of  the  same  stem,  measuring  respectively  60,  62,  66, 
75  divisions.     In  length  these  pieces  are  three  times  that  of  the 

FiKfl.  A  -  n. 


hydranth-forming  area  of  Fig.  L.  A  half  of  any  one  of  them  would 
be  longer  than  the  entire  hydranth  region  of  the  latter  figure,  yet 
the  first  and  second  of  these  pieces  produced  only  double  proboscides. 
Here  also  the  only  clue  we  have  as  yet  to  the  result  is  the  relative 
thinness  of  the  cccnosarc  in  the  more  distal  pieces. 


The  Development  of  Short  Pieces  Closed  at  One  End. 

The  development  of  double  structures  in  many  of  the  short  pieces 

seems  to  be  due  to  the  pieces  being  open  at  both  ends  rather  than 

to  the  small  amount  of  material  in  the  pieces.     In  order  to  make 

cert»n  the  truth  of  this  conclusion  I  tested  it  by  closing  one  end 
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of  short  pieces.  This  is  easily  done  by  tying  a  silk  threaa  tightly 
around  a  stem  so  that  the  ccenosarc  of  one  side  is  separated  from 
that  of  the  other  side,  and  then  cutting  off  the  stem  of  one  side  near 
to  the  knot.  In  experiments  of  this  sort  I  found  that  incomplete 
structures  develop  if  the  piece  is  small  enough,  and  double  structures 
do  not  appear.  The  distal  end  of  the  incomplete  structure  is  always 
turned  towards  the  open  end.  The  same  result  followed  whether  the 
short  piece  is  on  the  distal  or  on  the  proximal  side  of  the  knot;  in 
both  cases  the  distal  end  of  the  complete  and  also  of  the  incomplete 
structure  is  turned  toward  the  open  end  of  the  piece.  This  shows 
that  the  influence  that  determines  the  distal  end  of  the  new  structure 
comes  from  the  open  end  of  the  piece,  and  that  double  structures  do 
not  develop  when  one  end  of  the  piece  is  closed. 


Regeneration  from  the  Attached  Basal  End  of  Branches. 

The  presence  of  numerous  side  branches,  even  near  the  terminal 
hydranths,  in  T.  crocea  gives  an  opportunity  of  extending  these  ex- 
periments on  Tubularia  in  another  direction.  If,  for  instance,  a  branch 
is  cut  off  so  near  its  origin  that  the  short  piece  that  remains  is  less 
than  the  average  length  of  the  hydranth-forming  region  (Fig.  J?),  will 
an  incomplete  structure  be  produced,  as  happens  when  pieces  of  the 
same  length  are  separated  from  the  rest  of  the  stem,  or  will  the 
result  be  different  owing  to  the  connection  of  the  short,  lateral  piece 
with  the  main  stem?  It  would  not  be  possible  to  state  a  priori 
how  these  short  pieces  attached  at  the  side  of  the  stem  would  be- 
have, nor  would  our  knowledge  of  the  behaviour  of  grafted  pieces 
help  us  in  anticipating  the  result,  since  the  orientation  of  lateral  pieces 
is  different  from  that  of  grafted  ones. 

The  six  figures  represented  in  Figs.  ^— J  show  how  short,  lateral, 
attached  pieces  develop.  It  will  be  seen  that  although  the  pieces 
were  sometimes  only  half  or  even  less  (only  one  third  as  long  in  Fig.  G) 
as  long  as  the  typical  hydranth-forming  region'),  yet  they  produced 
whole  hydranths  with  both  circles  of  tentacles;  and  in  none  of  the 
cases  observed  was  an  incomplete  structure,  a  proboscis  for  instance, 
produced.  In  a  few  cases  I  could  see  at  first  only  a  single  circle 
of  tentacles,  but  this  proved  to  be  the  proximal  circle,  and  the  distal 
tentacles  budded  out  at  the  cut-end.    It  appears  that  the  connection 


*)  Compare  with  Fig.  L. 
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of  the  base  of  the  short  piece  with  the  main  stem  necessitates  the 
formation  of  the  proximal  part  of  the  hydranth.    The  number  of  cases 

Figs.  ^—  J, 


-^ 


is,   however,   too  small  for  me  to  state  positively  that  incomplete 
stmctnres  never  appear. 
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In  Bereral  other  experiments  the  main  stem  was  cat  off  near 
the  origin  of  the  branch  as  shown  in  Fig.  K.  In  the  first  series  the 
hydranth  was  left  on  the  branch,  and  in  none  of  the  cases  observed 

FigB.  K—M. 


K 


Hi 


J 


M 


did  a  new  hydranth  develop  on  the  end  of  the  main  stem  ^).  In  a 
parallel  experiment  both  the  main  stem  and  the  branch  were  cut  off 
dose  to  the  origin  of  the  latter,  as  shown  in  Fig.  if.  In  some  cases 
a  new  hydranth  developed  in  the  end -piece  of  the  main  stem,  in 


*;  The  liydrantliB  used  were  not  in  very  good  condition. 
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others  in  the  short  piece  of  the  branch,  and  in  still  others  in  both. 
When  a  hydranth  developed  in  the  end-piece  of  the  main  stem  it 
did  not  extend  behind  the  level  of  the  branch,  and  when  a  hydranth 
developed  in  the  branch  it  did  not  extend  into  the  main  stem,  but 
when  hydranths  developed  simultaneously  in  both  main  stem  and 
branch,  the  proximal  circle  (or  circles?)  of  tentacles  sometimes  appeared 
on  the  main  stem  in  the  region  common  to  the  two  short  ends,  and 
often  extended  further  downwards  into  the  main  stem.  The  same 
result  is  better  shown  in  the  cases  to  be  next  described  in  which 
short  pieces  were  cut  off  near  a  branch. 


J 


N 


Short  Pieces  Cut  Off  Near  a  Branch. 

Short  pieces  including  the  base  of  a  branch  and   the  part  of 

the  main  stem 
that  lies  on  each 
side  of  it  were 
cut  oflF.  Some  of 
the  results  are 
shown  in  Figs.  ^V 
to  Q.  In  Fig.  N 
two  hydranths 
are  in  process  of 
forming.  This  is 
also  the  case  in 
Fig.  0  in  which 
the  distal  end  of 
the  stem  and  of 
the  branch  are 
very  short.  In 
these  cases  it 
seems  probable 
that  two  whole 
hydranths  would 
have  formed  each 
with  it  basal  cir- 
cle of  tentacles 
^  (shown  in  the  fi- 

gures).   In  Figs.  P  and  Q  two  hydranths  are  also  forming.    It  should 
be  noticed  that  in  these  latter  two  cases  that  the  two  ends  in  which 
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hydranths  are  forming  are  of  equal  length.  In  Figs.  R  and  5,  on 
the  eontrary,  the  basal  end  of  the  branch  was  longer  than  the  end 
of  the  stem,  and  the  hydranth  developed  only  in  the  longer  piece. 

In  Fig.  T  (Figs.  T—Y  are  from  another  series)  two  proboscides 
are  present,  one  in  the  end  of  the  stem  and  one  in  the  branch.  The 
proximal  tentacles  appear  on  the  main  stem  in  the  region  common 
to  the  two  proboscides.    When  the  latter  hydranth  was  taken  out  of 


Figs.  T-  Y. 


W^i 


u 


w 

the  perisarc  it  was  found  to  have  two  proboscides  and  a  common 
circle  of  tentacles  around  their  base,  Fig.  U.  A  similar  CAse  is 
shown  in  Fig.  V.  In  Fig.  W  two  more  or  less  complete  hydranths 
are  present.  In  the  next  case  the  proximal  tentacles,  belonging  to 
both  proboscides,  were  as  in  Fig.  V.  When  removed  from  the  tube 
the  hydranth  appeared  as  shown  in  Fig.  X,  Lastly  in  Fig.  Y  two 
proboscides  developed,  and  there  were  no  proximal  tentacles  present. 
The  piece  was  quite  a  short  one. 

These  experiments  vrith  short  pieces  including  a  part  of  a  branch 
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show  one  result  that  was  not  seen  when  a  short  pieee  was  at  the 
middle  of  a  long  stem,  viz.,  that  when  two  distal  ends  are  of  nearly 
the  same  length  each  may  produce  only  the  distal  part  of  a  hydranth. 
The  proximal  part  of  the  hydranth  is  formed  either  in  the  region 
common  to  the  two  proboscides,  or  even  in  the  more  proximal  part 
of  the  stem.  Should  a  more  extensive  series  of  experiments  show 
that  the  differences  that  have  been  found  between  the  behaviour  of 
a  short  piece  of  a  branch  lying  in  the  middle  of  a  stem,  Fig.  J, 
and  one  lying  near  the  cut-end  of  a  stem,  Figs.  M  and  T,  arc 
constant  it  will  then  be  time  for  further  speculation  as  to  the  mean- 
ing of  this  difference,  but  until  more  experiments  have  been  made 
it  is  safer,  I  think,  to  refrain  from  theorizing  in  regard  to  the 
phenomenon. 

The  Method  of  Closing  of  a  Cut-End. 

When  the  stem  is  cut  in  two  there  are  exposed  at  the  cut-end 
tlie  perisarc,  the  ccBuosarc  composed  of  ectoderm  and  endoderm,  the 
ends  of  the  two  (or  four)  longitudinal  ridges  formed  by  folds  of  endo- 
derm, and  the  central  cavity  filled  with  fluid.  In  the  course  of  a 
few  minutes  the  coenosarc  withdraws  slightly  from  the  cut-end  of 
the  perisarc  and  then  a  thin  membrane  develops  that  ultimately  closes 
the  end.  This  closing  has  been  already  mentioned  by  Bickford, 
Driesch,  and  myself,  but  the  process  has  been  insufficiently  described. 
A  closer  examination  has  shown  that  a  very  remarkable  and  unique 
change  takes  place,  for  the  rough  cut- end  does  not  bend  or  arch 
over  the  opening  of  the  tube,  but  a  thin  membrane  develops  near 
the  end,  which  extends  squarely  across  the  end.  This  membrane  is 
composed  of  ectoderm  on  its  outer  and  endoderm  on  its  inner  sur- 
face. The  central  rim  of  the  membrane  is  smooth  and  continuous. 
It  does  not  have  a  ragged  edge  like  that  left  at  the  cut-end  of  the 
coenosarc.  In  fact  sections  show  that  the  margin  of  the  membrane 
is  largely  a  new  formation  and  not  simply  the  cut-end  of  the  coeno- 
sarc. The  membrane  develops  just  a  little  behind  the  cut-end,  so 
that  for  a  time  at  least  some  of  the  ectodermal  cells  continue  out- 
wards beyond  the  level  of  the  membrane.  These  seem  to  be  in 
part  cells  left  behind  as  the  new  edge  develops.  In  the  course  of 
twenty  or  thirty  minutes  the  membrane  closes  in  the  center  as  a 
result  of  the  advance  of  its  margin.  All  trace  of  the  opening  is 
soon  lost,  but  for  a  time  radiating  lines,  indicating  cell-boundaries. 
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extend  from  a  central  point  to  the  perisarc.  By  killing  pieces  in 
process  of  closing,  with  a  weak  solution  of  osmic  acid,  rapidly 
washing  in  distilled  water  and  staining  for  a  few  minutes  (in  the 
sanlight]  in  a  one  per  cent  solution  of  silver  nitrate,  the  boundaries 
of  the  superficial  (ectodermal)  cells  can  be  distinctly  seen^).  The 
ectoderm  is  found  to  be  composed  of  a  large  number  of  cells,  some- 
what elongated  in  a  radial  direction.  There  are  a  number  of  rows 
of  cells  between  the  center  and  the  outer  border,  i.  e.  individual  cells 
do  not  extend  from  center  to  periphery. 

The  rapidity  of  closing,  and  the  absence  of  dying  material 
along  the  edge  at  once  attract  attention,  and  in  the  absence  of  de- 
finite muscle-fibres  in  the  stem,  the  method  of  closing  presents  some 
interesting  problems.  By  means  of  a  few  experiments  I  tried  to 
determine  the  nature  of  the  closing  process.  It  seemed  a  priori  pos- 
sible that  loss  of  water,  or  even  absorption  of  water  at  the  cut- 
surface  might  be  a  factor  in  the  result.  If  this  were  so  the  rate  of 
closing  should  vary  with  the  density  of  the  sea  water.  Some  pieces 
were  placed  in  sea  water  diluted  one-third  with  fresh  water,  others 
in  sea  water  to  which  one  per  cent  sodium  chloride  had  been  added, 
and  still  others  in  normal  sea  water.  No  difference  in  the  rate  of 
closing  of  the  pieces  could  be  detected.  By  the  addition  of  eight 
per  cent  of  cane  sugar  to  sea  water  the  osmotic  pressure  is  materi- 
ally altered,  yet  the  closing  in  of  pieces  placed  in  this  solution  was 
about  the  same  as  in  sea  water. 

It  has  been  stated  that  the  addition  of  one  per  cent  sodium 
chloride  to  the  sea  water  did  not  afifect  the  closing  of  the  pieces. 
Even  one  and  a  half  per  cent  did  not  prevent  the  closing  in  all 
cases,  although  many  of  the  pieces  were  injured,  and  if  two  per 
cent  were  added  the  pieces  died.  Loeb  has  shown  that  sodium 
chloride  has  a  specific  action  on  muscular  contractility,  but  not  on 
amoeboid  movements.  The  behaviour  of  the  pieces  in  the  presence  of 
this  salt  suggested  that  the  closing-process  is  some  sort  of  amoeboid 
movement,  involving  the  coenosarc  as  a  whole  rather  than  individual 
cells.  My  observations  of  the  normal  closing  had  suggested  the  same 
view  to  me  before  I  tried  the  action  of  the  solutions.  I  think  it 
very  probable  that  the  closing-process  involves  an  amoeboid-like  ex- 
tension of  the  coenosarc  across  the  open  end.     If  this  is  the  correct 


<}  Especially  in  pieces  cut  off  obliqnely  in  which  the  closed  end  can  be 
more  easily  examined. 
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interpretation  we  find  here  a  new  kind  of  contraction  phenomenon, 
and  one  deserving  of  a  much  more  extended  examination,  especially 
as  there  is  reason  to  believe  that  the  process  is  of  wide  occurrence 
in  lower  animals  and  perhaps  in  higher  ones  also,  especially  in 
embryonic  stages.  I  have  also  studied  the  closing  of  the  surface 
left  after  cutting  off  a  large  piece  of  the  side  of  young  tadpole- 
embryos,  where  a  process,  that  appears  to  be  similar  to  that  in 
Tubularia,  takes  place.  The  large  wounds  thus  formed  close  rapidly 
without  the  formation  of  necrotic  tissue  at  the  cut-edge  —  the  ecto- 
derm advancing  with  an  even,  clean  margin  towards  the  center.  In 
a  future  paper  I  shall  hope  to  describe  the  process  in  the  embryo 
of  the  frog  more  fully. 


Summary. 

1)  Consecutive,  short  pieces  of  the  same  stem  of  Tubularia  cut 
from  the  region  behind  the  hydranth  show  a  tendency  to  produce 
similar  structures.  The  different  behaviour  of  different  stems  is 
probably  due  to  differences  in  the  age  of  the  stem.  As  a  stem  gets 
older  its  coenosarc  becomes  thicker. 

2)  Pieces  from  the  distal  end  of  the  stem,  four  or  five  times 
longer  than  the  average  hydranth-fonning  region  of  the  more  proxi- 
mal region,  often  produce  only  incomplete  structures.  The  explanation 
of  this  may  depend,  in  part,  on  the  thinner  coenosarc  of  the  more 
distal  (newer)  region.  Quantitatively  a  longer  piece  from  the  distal 
region  corresponds  to  a  shorter  piece  of  the  proximal  region. 

3)  When  double  structures  are  produced  the  same  structure  al- 
ways appears  at  both  ends.  This  holds  for  all  kinds  of  incomplete 
structures,  as  well  as  for  whole  ones.  The  explanation  may  be  found 
in  the  action  of  the  same  influences  on  the  two  free  ends,  and  also 
in  the  interaction  of  the  developing  material  of  the  two  ends  on 
each  other. 

4)  When  a  branch  is  cut  off  close  to  the  main  stem,  as  shown 
in  Figs.  JF— 17,  there  develops  from  the  short,  attached  basal  piece 
of  the  branch  a  whole  hydranth,  and  not  an  incomplete  structure, 
even  when  in  size  the  piece  is  much  less  than  the  average  hydranth- 
fonning  region.  The  connection  of  the  short  piece  at  its  base  witb 
the  main  stem  appears  to  influence  the  developing  region  in  such  a 
way  that  the  proximal  end  of  the  hydranth  is  formed,  hence  incom- 
plete, distal  structures  are  not  produced,  as  when  the  piece  is  isolated. 
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The  basal  tentacles  appear  at  the  base  of  the  piece  of  the  branch 
and  not  in  the  main  stem. 

5)  Short  pieces  closed  at  one  end  produce  single  (i.  e.  not  double) 
structures  that  are  often  incomplete.  The  result  shows  that  the 
distal  end  of  the  new  structure  is  determined  by  external  influences. 

6)  When  both  the  main  stem  and  a  branch  are  cut  oflF  near  the 
origin  of  the  latter  (Fig.  T),  each  end  may  produce  a  whole  hydranth 
or  a  proboscis.  If  the  latter,  the  proximal  tentacles  may  appear  on 
the  main  stem  in  the  region  between  the  two  hydranths  or  even 
proximally  to  the  origin  of  the  branch. 

7)  The  closing  of  the  cut-end  of  a  piece  by  means  of  a  double 
plate  (composed  of  ectoderm  and  endoderm)  is  not  due  to  the  bend- 
ing over  of  the  cut-edge,  or  to  the  action  of  constricting  muscles  or 
fibres,  but  to  a  peculiar  sort  of  contractile  movement  characterized 
by  the  regulated  advance  of  the  whole  material  and  not  of  the 
cells  as  individuals,  also  by  the  formation  of  a  smooth  edge  which 
moves  towards  the  center  where  the  final  closure  takes  place.  During 
the  closing  some  of  the  cells  are  carried  from  the  periphery  out 
upon  the  surface  of  the  closing  membrane. 


Zusammenfassung. 

1)  Wenn  auf  einander  folgende,  kurze  Stiickc  desselben  Stammes  von 
Tabularia  aus  der  Gegend  hinter  dem  Hydrant  geschnitten  werden,  so  zeigen 
sie  die  Tendenz,  ahnliehe  Strukturen  hervorznbringen.  Das  verschicdene  Ver- 
halten  verschiedener  StUmme  beruht  wahrscheinlich  in  Altersverschiedenheiten. 
Mit  zunehmendem  Alter  eines  Stammes  wird  sein  COnosark  dicker. 

2;  Distal  gelegene  StammstUcke,  vier  bis  flinfmal  langer  als  der  durch- 
schnittlich  den  Hydrant  bildende  Bezirk,  bringen  es  oft  nur  zu  unvollstandigen 
Nenbildnngen.  Eine  Erklarung  dafUr  kunnte  tlieilweise  in  der  dUnneren  Be- 
schaffenheit  des  Conosarks  nach  dem  distalen  (neueren)  Ende  hin  liegen.  Quan- 
titativ  entspricht  ein  liingeres  distal  gelegenes  Stlick  einem  kiirzeren  aus  einem 
proximalen  Bezirk. 

3)  Findet  Neubildung  an  beiden  SchnittflUchen  statt,  so  erscheint  stets 
dieselbe  Struktur  an  beiden  Enden.  Man  kOnnte  dafUr  eine  Erklarung  in  dem 
Einflnss  gleicher  Bedingungen  fiir  beide  freie  Enden  und  auoh  in  einer  gegen- 
seitigen  Beeinflussung  des  Materials  an  beiden  Enden  erblicken. 

4)  Schneidet  man  einen  Zweig  kurz  am  Hauptstamme  ab  ivgl.  Fig.  E—J)y 
so  entwickelt  sich  aus  dem  kurzen,  angewachsenen  FuGende  des  Zweiges  ein 
ganzer  Hydrant,  keine  unvollstiindigc  Neubildung,  auch  wenn  das  Stiick  viel 
kleiner  ist  als  der  gewohnlich  den  Hydrant  bildende  Bezirk.  Die  basale  A>r- 
bindnng  des  kurzen  Sttiekes  mit  dem  Hauptstamm  scheint  den  Bildungsbezirk 
In  der  Weise  zu  beeinflussen,  dass  das  proximale  Ende  des  Hydrants  gebildet 
wird  und  weiterhin  keine  unvollstandige  distale  Neubildung  mehr  entsteht,  wie 
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sonst  wenn  eB  sich  nm  ein  abgelOstes  Sttick  handelt.    Die  basalen  Tentakel 
erscheinen  am  Grande  des  Zweigstttckes  und  nicht  im  Bereich  des  Hauptstammes. 

5)  Kurze,  an  einer  Seite  geschlossene  Stlicke  erzcngen  einfache  (d.  h.  nur 
an  einer  Stelle}  Neubildungen,  die  haufig  unvoUstandig  Bind.  Dieser  Ausgang 
zeigt,  dass  das  diBtale  Ende  der  Neubildung  von  auBeren  EinfltlsBen  regiert  wird. 

6)  Wenn  Bowohl  der  Hanptstamm  als  ein  Zweig  nahe  am  Ursprung  des 
letzteren  abgeschnitten  wurden  (Fig.  7),  so  kann  jeder  Stnmpf  einen  ganzen 
Hydrant  odcr  auch  nur  einen  Rtlssel  hervorbringen.  1st  das  letztere  der  Fall, 
so  kOnnen  die  proximalen  Tentakel  am  Hauptstamm  zwischen  den  beiden  Hy- 
dranten  oder  sogar  nahe  am  Zweigursprunge  zuerst  auftreten. 

7)  Der  Schluss  einer  Schnittflache  eines  Stttckes  mittels  einer  doppeltcn 
(aus  Ekto-  und  Entoderm  gebildeten)  Zellplatte  kommt  nicht  durch  Zusammen- 
biegen  der  Schnittrander  zu  Stande,  auch  nicht  durch  die  Wirkung  zusammen- 
ziehender  Muskein  oder  Fibrillen,  sondern  durch  eine  eigenthtimliche  Art  von 
Kontraktionsbewegung,  welches  sich  durch  bestimmt  vorgezeichnete  Bewegung 
des  ganzen  Materials  und  nicht  der  Zellindividuen  charakterisirt  und  durch 
die  Bildung  eines  glatten  Wundrandes,  welcher  beim  definitiven  Wundschluss 
centralwarts  zusammenriickt.  Wahrend  des  Schlusses  trennen  sich  viele  Zelien 
von  der  Peripherie  ab,  indem  sie  auf  die  Oberfliiche  der  Verschlussmembran 
gclangen. 
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Eingegangeu  am  17.  December  lUOl. 

Much  of  the  experimental  work  on  the  gastrulation  of  the 
amphibian  egg  has  been  done  by  puncturing  the  egg  with  a  fine 
needle  or  hair,  thus  forming  an  extra-ovate  which  serves  as  a  fixed 
point  for  orientation  during  the  formation  and  closure  of  the  blasto- 
pore. This  method  has  been  criticised  by  Schultze  (8)  and  others 
because  of  its  supposed  interference  with  normal  development,  and 
also  because  of  the  frequent  lack  of  uniformity  in  the  results.  Against 
the  first  criticism  can  be  urged  the  fact  that  embryos,  apparently 
perfectly  normal  in  every  respect,  develop  from  eggs  which  have 
been  operated  upon  in  such  a  way;  while  slight  diflferences  in  the 
location  of  the  puncture  in  the  various  eggs  of  a  series  will  account 
for  much  of  the  diversity  in  results. 

The  experiments  recorded  in  the  present  paper  were  made  in 
the  Biological  Laboratory  of  Bryn  Mawr  College  during  the  spring 
of  1901.  I  am  indebted  to  Prof.  T.  H.  Morgan  for  many  helpful 
suggestions  during  the  progress  of  my  investigations. 

Method. 

In  making  the  following  experiments  a  greater  part  of  the  jelly- 
like substance  surrounding  the  egg  was  first  removed  and  the  egg 
was  then  put  in  a  shallow  dish  with  a  layer  of  paraffine  in  the 
bottom.   The  dish  was  subsequently  placed  on  the  stage  of  a  dissecting 
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microscope  and  the  egg,  barely  covered  with  water,  was  held  by 
fine  forceps  and  punctured  with  a  sharp  needle. 

An  extrnsion  of  egg  snbstance  always  follows  the  puncture.  If 
the  extra -ovate  thus  formed  is  very  small,  the  normal  development 
of  the  egg  does  not  seem  to  be  interfered  with  and  the  extra-ovate 
remains  attached  to  the  egg  in  a  great  majority  of  cases.  If  an 
extensive  injury  is  made  so  that  a  large  extra-ovate  is  formed,  spina 
bifida  embryos  are  produced  in  some  cases,  and  in  others  the  extra- 
ovate  separates  from  the  egg  in  the  course  of  a  few  hours  and  later 
both  the  extra-ovate  and  the  egg  disintegrate.  Normal  development 
is  so  rare  in  cases  where  the  extrusion  of  a  considerable  amount  of 
egg  substance  follows  the  operation  that  in  all  the  following  experi- 
ments the  eggs  were  discarded  if  a  very  large  extra -ovate  formed. 
To  this  is  probably  due  the  uniform  results  that  were  obtained  in 
a  majority  of  cases.  Where,  in  different  sets  of  experiments,  the 
results  are  given  for  only  a  portion  of  the  eggs  operated  on,  it  is 
to  be  understood,  unless  otherwise  stated,  that  in  the  remaining  cases 
the  extra-ovate  became  detached  and  so  no  definite  conclusions  were 
possible  in  regard  to  these  eggs.  After  the  operation  the  eggs  were 
transferred  into  dishes  filled  with  fresh  spring  water  and  observations 
were  made  at  frequent  intervals  during  the  next  twenty-four  hours. 

a.   Sticking  the  Egg  Before  the  Appearance 

of  the  Blastopore. 

Experiment  1.  Twenty-five  eggs  were  punctured  as  nearly  as 
possible  in  the  centre  of  the  black  hemisphere  just  before  the  ap- 
pearance of  the  blastopore.  Eight  hours  later  the  blastopore  was 
closing  in  and  the  extra-ovate  in  every  case  was  about  180°  from  it 
(Fig.  1).  The  slight  variations  noted  in  the  position  of  the  extra- 
ovates  were  undoubtedly  due  to  the  fact  that  the  puncture  had  not 
always  been  made  exactly  in  the  centre  of  the  black  hemisphere. 
The  morning  following  the  operation  the  extra -ovate  in  18  cases 
appeared  very  nearly  as  shown  in  Fig.  2,  i.  e.  it  was  a  little  in  front 
of  the  transverse  portion  of  the  neural  folds  at  the  anterior  end  of 
the  embryo.  In  the  remaining  embryos,  the  extra-ovate  was  farther 
away  from  the  neural  folds,  being  in  3  cases  in  the  region  of  the 
suckers.  The  results  of  this  experiment  show  that  the  anterior  end 
of  the  embryo  in  the  Bufo  egg  does  not  extend  up  to  the  centre  of 
the  black  hemisphere  but  lies  somewhere  below  it. 

Experiment  2.    In  24  eggs  an   extra -ovate   was   produced   as 
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nearly  as  possible  in  the  centre  of  the  white  hemisphere  just  before  the 
dorsal  lip  of  the  blastopore  formed.  Eight  hours  after  the  operation 
the  eggs  appeared  as  in  Fig.  3.  The  blastopore  was  closing  in 
and  the  extra -ovate  was  at  the  edge  of  the  dorsal  lip.  When  the 
neural  folds  formed,  the  extra- ovates  in  the  19  eggs  which  were 
developing  normally  were  at  the  posterior  end  of  the  embryo  (Fig.  4). 
This  experiment  shows  that  the  dorsal  lip  of  the  blastopore  moves 
backward  at  least  to  the  centre  of  the  white  hemisphere  and  if  it 
goes  beyond  this  point  that  it  carries  the  ovate  with  it. 

b.  Extra-ovates  Produced  in  Various  Parts  of  the  Egg  When 
the  Dorsal  Lip  of  the  Blastopore  is  Just  Appearing. 

Experiment  3.  At  9  a.  m.  on  April  23'^,  20  eggs  were  stuck 
just  below  the  middle  of  the  dorsal  lip  of  the  blastopore  as  the  latter 
was  first  appearing  (Fig.  5).  Two  hours  later  the  extra -ovate  in 
every  instance  was  found  to  be  at  the  edge  of  the  blastopore.  In 
this  set  of  experiments,  if  the  extra-ovate  was  even  moderately  large, 
abnormal  development  almost  invariably  resulted.  If,  however,  the 
extra-ovate  was  very  small  as  was  the  case  in  14  of  the  eggs 
operated  on,  development  apparently  proceeded  in  a  normal  manner 
and  the  extra-ovate  remained  attached  to  the  egg.  When  the  blasto- 
pore was  closing  in,  the  extra-ovate  was  found  at  the  edge  of  the 
dorsal  lip  as  in  Fig.  3,  and  it  subsequently  occupied  a  position  at  the 
posterior  end  of  the  neural  folds  (Fig.  4).  This  experiment  shows 
that  the  dorsal  lip  of  the  blastopore  moves  over  the  lower  hemisphere 
of  the  egg  and  that  it  carries  the  extra-ovate  with  it  after  the  latter 
has  been  reached  by  the  advancing  lip. 

Experiment  4.  In  20  cases  the  eggs  were  punctured  just  above 
the  middle  of  the  forming  blastopore  (Fig.  6).  Six  hours  later  the 
extra-ovate  occupied  a  position  at  the  edge  of  the  dorsal  lip  as  shown 
in  Fig.  7.  The  next  morning,  in  the  16  eggs  in  which  the  extra- 
ovate  still  remained  attached  to  the  egg,  its  position  was  invariably 
at  the  posterior  end  of  the  neural  folds  as  in  Fig.  4.  It  is  evident 
from  this  result  that  the  extra- ovate  was  produced  in  a  region  of 
the  egg  where  the  cells  move  in  towards  the  blastopore  rim  and  that, 
as  the  extra -ovate  was  too  large  to  turn  under  with  the  in -rolling 
cells,  it  kept  its  position  at  the  edge  of  the  blastopore  during  the 
subsequent  changes  in  the  egg. 

Experiment  5.  The  operations  in  experiments  3  and  4  were 
combined  in  another  experiment  on  a  set  of  24  eggs.    Two  punctures 
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were  made,  one  a  short  distance  below  the  middle  of  the  dorsal  lip 
of  the  blastopore,  the  other  an  equal  distance  above  the  middle  of 
the  dorsal  lip  (Fig.  8).  The  extra- ovates  were  however,  not  quite 
as  close  to  the  blastopore  as  in  the  two  preceding  experiments.  Six 
hours  after  the  operation,  when  the  blastopore  was  circular  and  be- 
ginning to  close  in,  the  extra- ovates  in  18  eggs  occupied  a  position 
as  seen  in  Fig.  9.  The  extra-ovate  which  had  been  made  below  the 
blastopore  had  been  reached  by  the  advancing  dorsal  lip  and  it 
occupied  a  position  on  the  dorsal  rim  of  the  blastopore.  The  other 
extra-ovate  was  evidently  made  outside  of  the  region  where  the  cells 
move  in  towards  the  edge  of  the  blastopore  as  it  had  remained 
stationary  and  was  much  farther  away  from  the  dorsal  lip  than  when 
the  operation  was  first  made.  Twenty-four  hours  after  the  operation, 
the  extra- ovates  were  still  attached  to  the  eggs  in  12  cases  and 
their  position  was  that  seen  in  Fig.  10.  One  extra -ovate  was,  as 
expected,  at  the  caudal  end  of  the  embryo.  The  position  of  the  other 
extra-ovate  varied  slightly  in  diflferent  eggs  being  sometimes  nearer 
sometimes  farther  away  from  the  posterior  end  of  the  neural  folds 
than  the  extra- ovate  shown  in  Fig.  10,  but  in  all  cases  it  occupied 
a  position  somewhere  near  the  middle  region  of  the  embryo.  The 
variations  in  the  position  of  this  extra- ovate  can  be  attributed,  I 
think,  to  slight  variations  in  the  positions  of  the  punctures  when  the 
operations  were  made.  It  is  extremely  difficult,  as  no  doubt  other 
investigators  have  found,  to  puncture  a  given  series  of  eggs  in 
exactly  the  same  place  each  time,  and  very  slight  variations  in  the 
position  of  the  extra-ovate  at  the  beginning  of  an  experiment  might 
produce  a  marked  diflference  in  the  location  of  the  extra-ovate  several 
hours  later. 

The  inference  that  can  be  deduced  from  the  foregoing  experi- 
ment is  that  the  region  of  the  egg  a  little  above  the  middle  of  the 
dorsal  lip  of  the  blastopore  becomes  the  middle  portion  of  the  embryo 
and  that  the  cells  in  this  region  do  not  move  backward  to  the  rim 
of  the  blastopore. 

Experiment  6.  In  8  cases  the  eggs  were  stuck  as  in  the  pre- 
ceding experiment  but  the  extra -ovates  were  intentionally  produced 
as  close  to  the  edge  of  the  blastopore  as  they  were  in  experiments  3 
and  4.  In  every  instance  the  extra- ovates  were  found  at  the  edge 
of  the  dorsal  lip  in  the  course  of  a  few  hours,  and  the  next  morning 
they  were  both  at  the  posterior  end  of  the  neural  folds  as  in  Fig.  23. 
This  result  simply  confirms  those  obtained  in  Experiments  3  and  4 
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and  shows  that  the  formation  of  two  small  extra- ovates  in  the  egg 
does  not  interfere  with  development  any  more  than  does  a  single 
punctnre. 

Experiment  7.  The  object  of  this  experiment  was  to  locate,  if 
possible,  the  region  from  which  the  cephalic  portion  of  the  embryo  is 
formed.  Experiment  1  showed  that  the  anterior  end  of  the  embryo 
does  not  extend  up  to  the  centre  of  the  black  hemisphere,  and 
Experiment  5  indicates  that  the  middle  part  of  the  embryo  comes 
from  the  region  a  little  above  the  dorsal  lip  of  the  blastopore.  In 
the  following  experiment  26  eggs  were  stack  as  nearly  as  possible 
half  way  between  the  pole  of  the  black  hemisphere  and  the  dorsal 
lip  of  the  blastopore  (Fig.  11).  When  the  blastopore  was  closing  in, 
the  extra-ovate  in  every  case,  was  farther  from  the  dorsal  lip  than 
in  the  beginning  of  the  experiment,  again  showing  that  the  blasto- 
pore lip  moves  backward  over  the  yolk  (Fig.  12).  When  the  neural 
folds  appeared  some  hoars  later,  the  extra- ovate  in  19  eggs  was  at 
or  very  close  to  the  transverse  portion  of  the  nearal  folds  at  the 
anterior  end  of  the  embryo  (Fig.  13). 

The  conclusion  from  this  experiment  is,  obviously,  that  the 
anterior  end  of  the  embryo  in  the  egg  of  Bufo  is  formed  from  the 
region  about  half  way  between  the  centre  of  the  black  hemisphere 
and  the  place  below  the  equator  of  the  egg  where  the  dorsal  lip  of 
the  blastopore  first  appears.  The  embryo  is  thus  formed  partly  at 
least,  on  the  black  hemisphere  as  maintained  by  Morgan,  Eycles- 
HYMER  and  Wilson. 

Experiment  8.  After  the  appearance  of  the  dorsal  lip  of  the 
blastopore,  15  eggs  were  puuctured  in  the  black  hemisphere  as 
nearly  as  possible  180^*  from  the  edge  of  the  blastopore.  The  result 
in  every  case  was  very  similar  to  that  obtained  in  Experiment  1 ;  the 
extra-ovate  was  found  in  the  vicinity  of  the  suckers,  never  at  or 
very  close  to  the  anterior  end  of  the  neural  folds. 

Experiment  9.  In  Experiments  4  and  6  the  cells  just  above 
the  dorsal  lip  of  the  blastopore  were  found  to  be  inside  the  region 
of  cell  activity  and  to  move  backward  to  the  edge  of  the  blastopore. 
In  order  to  ascertain  whether  cells  from  the  sides  also  move  in 
towards  the  rim  of  the  blastopore  22  eggs  were  stuck  on  either 
side  of  the  blastopore  lip  as  seen  in  Fig.  14.  The  extra-ovates  were 
made  quite  close  to  the  edge  of  the  blastopore,  but  in  every  case 
they  were  formed  of  the  deeply  pigmented  cells  above  the  line  of 
the  dorsal  lip.     Six  hours  later  the  extra-ovates  were  found  on  the 
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edge  of  the  blastopore  in  every  one  of  the  18  eggs  to  which  they 
were  still  attached  (Fig.  15).  The  following  day  the  extra-ovates 
occupied  a  position  at  or  very  near  the  posterior  end  of  the  embryo 
(Fig.  16).  This  experiment  shows  that  the  cells  at  the  sides  as  well 
as  those  jast  above  the  dorsal  lip  move  to  the  edge  of  the  blasto- 
pore. The  extra-ovates,  being  too  large  to  turn  under  with  the  in- 
vaginated  cells,  keep  their  position  at  the  edge  of  the  dorsal  lip  and 
so  are  found  later  at  the  caudal  end  of  the  embryo. 

Experiment  10.  On  April  26*^,  18  eggs  were  operated  on  in 
the  following  manner:  each  egg  was  rotated  until  the  white  hemi- 
sphere appeared  uppermost  and  then  a  puncture  was  made  at  the 
outer  edge  of  the  circumference  of  the  egg  on  either  side  as  seen  in 
Fig.  17,  the  extra-ovates  being  formed  in  the  black  cells.  The  experi- 
ment was  made  to  see  if  the  cells  from  this  region  90°  away  from 
the  dorsal  lip  of  the  blastopore  are  brought  in  to  the  median  line 
during  the  closure  of  the  lips  of  the  blastopore  to  help  form  the 
mid-dorsal  portion  of  the  embryo.  When  the  ventral  lip  of  the  blasto- 
pore formed,  extra-ovates  were  attached  to  the  eggs  in  16  cases  and 
they  had  apparently  remained  stationary.  On  April  27*^,  the  extra- 
ovates  in  every  one  of  the  12  developing  eggs  were  found  to  be 
outside  of  the  neural  plate  (Fig.  18). 

A  slight  variation  of  the  above  experiment  was  made  on  10  other 
eggs.  The  eggs  were  rotated  as  before  so  that  the  dorsal  lip  of  the 
blastopore  came  to  occupy  the  highest  point  of  the  egg  and  then 
two  punctures  were  made,  one  on  either  side  of  the  blastopore,  the 
extra-ovates  being  formed  much  nearer  the  edge  of  the  blastopore 
than  before  (Fig.  19).  The  result  was  practically  the  same  as  in  the 
previous  experiment.  The  extra-ovates  appeared  to  be  stationary  during 
the  closing  of  the  blastopore  and  later  were  found  outside  the  neural 
plate  but  closer  to  it  than  were  the  extra-ovates  in  the  previous  case. 
When,  in  a  third  set  of  8  eggs,  the  punctures  were  made  still  nearer 
to  the  lateral  lips  of  the  blastopore,  the  extra-ovates  were  later  found 
inside  the  neural  plate,  but  they  interfered  with  the  normal  develop- 
ment of  the  neural  folds  as  the  latter  were  greatly  distorted  (Fig.  20), 
and  abnormal  embryos  resulted  in  every  case. 

The  results  obtained  in  this  group  of  experiments  indicate  that 
but  a  comparatively  small  amount  of  material  from  the  dark  hemi- 
sphere at  the  sides  of  the  dorsal  lip  of  the  blastopore  moves  in 
during  the  closure  of  the  blastopore  to  become  part  of  the  mid-dorsal 
region  of  the  embryo.    The  cells  in  the  region  where  the  extra-ovates 
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were  formed  in  the  two  first  experiments  in  this  group  remained 
praetieally  stationary  during  the  closure  of  the  blastopore  and  were 
later  found  outside  the  neural  plate  at  the  sides  of  the  embryo.  The 
presence  of  the  extra-ovates  certainly  does  not  prevent  a  movement 
of  the  cells  as  Experiments  4,  6,  and  9  testify,  and  in  this  series  oi" 
experiments  perfectly  normal  embryos  resulted  in  every  case  except 
in  the  last  set  of  8  eggs  where  the  extra-ovates  were  evidently  made 
so  close  to  the  region  of  moving  cells  that  they  were  pulled  into  the 
neural  plate  causing  abnormal  development. 

Experiment  11.  In  14  cases  the  eggs  were  punctured  at  the 
extreme  edge  of  the  white  area  about  90°  away  from  the  blastopore 
as  shown  in  Fig.  21.  The  experiment  was  made  to  ascertain  how 
much  of  the  white  area  in  the  normally  pigmented  eggs  is  included 
in  the  lateral  extension  of  the  lips  of  the  blastopore.  In  every  case 
the  normal  formation  of  the  lateral  lips  of  the  blastopore  was  pre- 
vented as  the  blastopore,  instead  of  appearing  almost  perfectly  round 
as  it  usually  does,  was  a  decided  oval  after  the  ventral  lip  had 
formed  being  drawn  out  laterally  by  the  presence  of  the  extra-ovates 
(Fig.  22).  In  8  cases  normal  embryos  were  formed  later  with  the 
extra-ovates  at  the  posterior  end  of  the  neural  folds  (Fig.  23).  In 
the  remaining  cases  in  this  set  of  experiments,  the  eggs  died  or  spina- 
bifida  embryos  resulted. 

The  normal  formation  of  the  blastopore  was  interfered  with  by 
this  experiment  so  that  no  definite  conclusions  can  be  drawn  from 
the  results.  It  seems  probable,  however,  that  the  extra-ovates  had 
been  made  in  a  region  of  cell  activity  and  that  their  presence  at 
first  retarded  the  movement  of  the  cells.  In  the  eggs  that  later 
appeared  to  develop  in  a  normal  manner  the  extra-ovates  were  moved 
in  to  the  median  line  (Fig.  23)  indicating  concrescence  of  material 
from  the  sides  of  the  blastopore  lips.  Incidentally  this  experiment 
shows  the  migration  of  the  dorsal  lip  of  the  blastopore  over  the 
lower  hemisphere  as  a  comparison  of  Figs.  21  and  22  will  show  that 
the  dorsal  lip  has  advanced  much  nearer  the  centre  of  the  white 
hemisphere. 

Experiment  12.  In  order  not  to  interfere  with  the  normal  foi- 
mation  of  the  lateral  lips  of  the  blastopore  as  was  done  in  the  pre- 
vious experiment,  and  to  determine  how  much  material  moves  in  to 
the  lateral  lips  during  the  time  the  blastopore  is  becoming  circular, 
18  eggs  were  stuck  as  in  Fig.  24,  the  extra-ovates  being  produced 
at  the  outer  circumference  of  the  field  and  always  within  the  black 
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cells.  Thirteen  eggs  gave  satdsfactory  resalts.  Seven  hours  after  the 
operation  the  eggs  appeared  as  in  Fig.  25.  The  lateral  and  ventral 
lips  of  the  blastopore  had  formed  in  the  normal  manner  and  the 
extra-ovates  in  every  case  were  some  distance  from  the  blastopore 
rim.  The  day  following,  the  neural  folds  had  appeared  and  the 
extra-ovates  were  near  the  posterior  end  of  the  embryo  but  outside 
the  neural  folds  (Fig.  26).  It  is  evident  from  this  experiment  that 
the  extra-ovates  were  not  formed  within  the  region  of  cell  activity 
and  therefore  that  material  from  this  part  of  the  egg  is  not  brought 
to  the  median  line  during  the  closure  of  the  blastopore. 

Experiment  13.  To  determine  the  region  of  the  egg  involved 
in  the  formation  of  the  ventral  lip  of  the  blastopore,  23  experiments 
were  made  in  which  the  egg  was  punctured  at  the  edge  of  the 
white  area,  directly  opposite  the  middle  of  the  dorsal  lip  of  the 
blastopore,  and  about  160°  away  from  it  (Fig.  27).  Four  hours  after 
the  operation  the  ventral  lip  of  the  blastopore  had  formed,  and  in 
every  case  the  extra-ovate  occupied  a  position  at  the  edge  of  the 
blastopore  rim  (Fig.  28),  showiug  that  the  cells  at  the  edge  of  the 
white  area  are  unquestionably  involved  in  the  formation  of  the  ventral 
lip  of  the  blastopore. 

Experiment  14.  On  April  25*^  18  eggs  were  punctured,  as  in 
the  preceding  experiment,  opposite  to  the  dorsal  lip  of  the  blasto- 
pore; but  in  this  set  the  extra-ovates  were  produced  just  within  the 
black  cells  and  therefore  about  170°  from  the  blastopore.  When 
the  blastopore  rim  had  extended  to  this  region,  the  presence  of  the 
extra-ovate  interfered  with  the  normal  formation  of  the  ventral  lip 
and  the  latter  was  drawn  out  of  shape  as  seen  in  Fig.  29  making 
the  lower  part  of  the  blastopore  rim  decidedly  pointed.  Later, 
however,  the  blastopore  rim  rounded  up  in  11  cases  and  further 
development  appeared  to  be  perfectly  normal,  the  extra-ovate  being 
located  at  the  posterior  end  of  the  embryo  when  the  neural  folds 
were  formed. 

The  normal  formation  of  the  ventral  lip  of  the  blastopore  was 
interfered  with  in  this  experiment  so  that,  although  later  develop- 
ment seemed  perfectly  normal,  no  definite  conclusion  can  be  drawn 
from  the  results  any  more  than  from  the  results  of  Experiment  11, 
yet  one  may,  perhaps,  be  justified  in  inferring  that  the  region  in- 
volved in  the  formation  of  the  ventral  lip  of  the  blastopore  does 
not  extend  much  beyond  the  edge  of  the  white  area. 

Experiment  15.     In  16  cases  a  puncture  was  made  opposite  the 
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dorsal  lip  of  the  blastopore  and  qnite  180°  away  from  it  (Fig.  30). 
Subsequently  the  extra-ovate  appeared  to  be  stationary  and  in  the 

11  eggs  which  developed,  the  extra-ovates  were  always  found  some 
little  distance  from  the  ventral  lip.  The  results  of  this  experiment 
when  combined  with  those  of  Experiments  13  and  14  lead  to  the 
conclusion  that  only  the  cells  at  the  edge  of  the  white  area  take 
part  in  the  formation  of  the  ventral  lip  of  the  blastopore  and  that 
the  region  involved  in  this  process  does  not  extend  very  far  within 
the  black  cells. 

c.  Sticking  the  Egg  After  the  Formation  of  the  Ventral  Lip 

of  the  Blastopore. 

These  experiments  were  made  to  determine,  if  possible,  the 
relative  rate  of  movement  of  the  dorsal  and  of  the  ventral  lip  of  the 
blastopore  and  the  manner  of  closure  of  the  blastopore,  as  well  as 
to  confirm  in  certain  cases  the  results  obtained  from  the  previous 
experiments. 

Experiment  16.      Soon  after  the  formation  of  the  ventral  lip, 

12  eggs  were  punctured  as  in  Fig.  31,  the  extra-ovates  being  pro- 
duced at  equal  distances  from  the  lateral  lips  of  the  blastopore  and 
very  near  to  the  outer  circumference  of  the  egg.  In  every  case  the 
extra-ovates  appeared  to  be  stationary,  the  blastopore  lips  closing  in 
as  in  Fig.  32.  The  results  of  this  set  of  experiments  lead  to  the 
same  conclusion  as  that  drawn  from  Experiment  12,  namely  that  the 
region  of  the  egg  where  the  extra-ovates  were  formed  is  not  involved 
in  the  formation  of  the  blastopore  ring. 

Experiment  17.  In  another  set  of  10  eggs,  extra-ovates  were 
produced  as  in  the  previous  experiment,  but  they  were  quite  close 
to  the  lateral  lips  of  the  blastopore.  Three  hours  later  the  blasto- 
pore had  decreased  considerably  in  size  and  in  every  case  the  extra- 
ovates  had  the  same  position  with  respect  to  the  new  blastopore  rim 
that  they  had  when  the  operation  was  made  (Fig.  33],  showing  that 
they  had  been  formed  in  a  region  of  cell  activity  and  had  been 
moved  in  with  cells  which  are  brought  to  the  median  line  by  the 
closure  of  the  blastopore  to  help  form  the  embryo  by  a  process  of 
concrescence  as  maintained  by  Roux  (7j  and  Morgan  (5,  6). 

Experiment  18.  If  a  puncture  is  made  a  short  distance  above 
the  dorsal  lip  of  the  blastopore  and  another  at  an  equal  distance 
below  the  ventral  lip  (Fig.  34),  the  result  depends  on  the  distance  of 
the  punctures  from  the  rim  of  the  blastopore.     If  the  extra-ovates 
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are  qaite  close  to  the  edge  of  the  blastopore  they  later  come  to 
occupy  a  position  at  the  blastopore  rim  (Fig.  35).  This  result  was 
obtained  in  9  out  of  13  experiments.  When,  in  an  equal  number  of 
cases,  the  extra-ovates  were  produced  somewhat  farther  away  from  the 
rim  of  the  blastopore,  the  result  in  the  7  cases  where  the  extra-ovates 
remained  attached  to  the  egg  was  that  seen  in  Fig.  36.  The  upper 
extra-ovate  was  found  at  the  edge  of  the  dorsal  lip  of  the  blastopore, 
while  the  lower  extra-ovate  had  apparently  remained  stationary  and 
was  much  farther  away  from  the  ventral  lip  than  when  the  operation 
was  first  made.  This  experiment  shows  that  the  ventral  as  well  as 
the  dorsal  lip  of  the  blastopore  moves  over  the  yolk,  but  that  a 
greater  amount  of  material  is  involved  in  the  dorsal  than  in  the 
ventral  movement.  The  forward  movement  of  the  ventral  lip  of  the 
blastopore  is  still  further  indicated  by  the  following  experiment. 

Experiment  19.  Eight  eggs  were  punctured  as  shown  in  Fig.  37. 
The  extra-ovates  being  at  equal  distances  from  the  edge  of  the 
ventral  lip,  one  being  within  the  yolk  plug,  the  other  below  the 
ventral  lip  in  the  black  cells.  Six  eggs  developed  as  in  Fig.  38. 
The  ventral  lip  advanced  sufficiently  to  meet  the  inner  extra-ovate, 
while  the  other  extra-ovate  being  beyond  the  region  of  moving  cells, 
remained  stationary.  The  apparent  movement  of  the  ventral  lip  is 
not  due  to  a  sliding  backward  of  the  yolk  cells  bringing  the  in- 
ner extra-ovate  in  contact  with  the  stationary  ventral  lip.  This  is 
shown  by  the  fact  that  the  distance  between  the  lower  extra- ovate 
and  the  edge  of  the  ventral  lip  does  not  remain  constant  during  the 
closure  of  the  blastopore.  There  is  a  decided  increase  in  the  space 
between  the  lower  extra-ovate  and  the  ventral  lip  during  this  time 
which  can  only  mean  that  the  ventral  lip  has  moved  forward  over 
the  yolk  since  it  was  first  formed  at  the  edge  of  the  white  area. 

Experiment  20. '  In  a  set  of  10  eggs,  two  very  small  punctures 
were  made,  both  below  the  ventral  lip  of  the  blastopore,  one 
extra- ovate  was  quite  near  the  edge  of  the  blastopore,  the  other 
was  at  the  outer  circumference  of  the  egg  when  the  blastopore 
occupied  the  highest  point  of  the  egg  (Fig.  39).  In  7  of  the  eggs 
the  extra -ovate  nearer  the  ventral  lip  disappeared,  presumably  it 
had  been  turned  under  the  rim  of  the  blastopore  with  the  invagination 
cells.  The  other  extra-ovate  remained  stationary  and  in  later  stages 
it  was  farther  away  from  the  blastopore  rim  than  when  the  operation 
was  made.  In  the  other  three  eggs  in  this  set,  the  extra-ovates 
were  somewhat  large  and  three  hours  after  the  operation  the  egg 
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appeared  as  in  Fig.  38.  The  inner  extra-ovate  was  too  large  to  be 
turned  under  with  the  in-rolling  cells  and  so  remained  at  the  edge 
of  the  blastopore,  while  the  other  ovate  appeared  as  in  the  remaining 
eggs  of  the  set. 

Experiment  21.  Thirty  eggs  were  punctured  as  in  Fig.  40, 
three  small  extra- ovates  being  formed  as  nearly  as  possible  at 
equal  distances  from  the  ventral  lip.  Satisfactory  results  were  ob- 
tained in  only  9  cases,  the  other  eggs  dying  or  development  be- 
coming abnormal.  In  4  of  the  9  cases,  all  of  the  extra- ovates 
were  later  found  at  the  edge  of  the  ventral  lip  (Fig.  41),  indicating 
that  the  entire  region  where  the  ovates  were  formed  had  moved 
forward  at  an  equal  rate  to  the  ventral  lip.  In  2  other  eggs  the 
middle  extra- ovate  was  found  at  the  edge  of  the  blastopore,  the 
other  two  being  some  distance  away  (Fig.  42).  In  the  remaining 
3  cases  the  punctures  had  been  made  farther  away  from  the  edge 
of  the  blastopore  than  in  the  preceding  eggs  and  had  presumably 
been  made  outside  the  region  of  cell  activity  as  the  extra- ovates 
remained  stationary  during  the  forward  movement  of  the  ventral  lip 
keeping  their  same  relative  position  with  one  another  (Fig.  43). 

The  results  of  this  experiment  are,  unfortunately,  open  to  two 
different  interpretations.  The  conclusion  from  four  of  the  eggs  is, 
apparently,  that  the  material  at  the  sides  and  below  the  ventral  lip 
moves  forward  at  an  equal  rate  to  the  edge  of  the  blastopore,  while 
the  results  in  2  cases  seem  to  show  that  the  material  just  below  the 
middle  of  the  ventral  lip  moves  faster  than  that  at  the  sides.  Slight 
variations  in  the  position  of  the  punctures  when  the  operation  was 
made  would  account  for  the  difference  in  the  result  in  these  two 
cases,  and  it  seems  probable  that  the  difference  in  the  rate  of  move- 
ment, if  it  does  exist,  is  very  small  and  of  comparatively  little  im- 
portance. 

Experiment  22.  In  order  to  determine,  if  possible,  whether  the 
material  just  above  the  dorsal  lip  of  the  blastopore  moves  more 
rapidly  than  that  at  the  sides,  15  eggs  were  punctured  as  shown 
in  Fig.  44,  three  extra-ovates  being  produced  at  equal  distances 
from  the  dorsal  lip  when  the  ventral  lip  had  just  formed.  The  re- 
sults from  this  experiment  were  most  satisfactory  as  in  every  one  of 
the  8  cases  in  which  the  ovates  remained  attached  to  the  egg  the 
position  of  the  ovates  was  that  seen  in  Fig.  45.  The  middle  extra-ovate 
was  always  at  the  edge  of  the  dorsal  lip,  the  other  two  extra-ovates 
were  about  as  far  from  the  blastopore  rim  as  they  were  when  the 


£]q>eriiiiental  Studies  on  the  Formation  of  the  Embryo  of  Bnfo  lentiginosofl.  559 

operation  was  first  made,  thas  showing  that  they  had  been  carried 
along  with  the  moving  cells  in  this  region.  The  experiment  shows 
without  question  that  the  material  above  the  middle  of  the  dorsal 
lip  moves  more  rapidly  than  that  at  the  sides.  It  is  also  evident 
that  a  more  extensive  region  is  involved  in  the  movement  at  the 
dorsal  lip  of  the  blastopore  than  at  the  ventral  lip,  as  the  extra- 
ovates  were  formed  about  the  same  distance  from  the  dorsal  lip  in 
the  present  experiment  as  they  were  from  the  ventral  lip  in  the 
last  experiment  where  they  remained  stationary  during  the  closure 
of  the  blastopore. 

Experiment  23.  When  the  ventral  lip  had  just  formed,  a 
puncture  was  made  as  nearly  as  possible  in  the  centre  of  the  yolk 
plug  in  20  eggs.  In  the  18  eggs  that  continued  developing  the 
ovate  was  in  every  case  in,  or  very  close  to,  the  centre  of  the 
yolk  plug  during  all  stages  of  the  closure  of  the  blastopore  thus 
showing  that  the  blastopore  lips  close  in  at  nearly  equal  rates  from 
all  sides. 

Experiments  similar  to  most  of  the  foregoing  have  been  made 
by  other  investigators  and  have  led  to  varying  results.  Roux  was 
the  first  to  carry  out  experiments  of  this  nature.  He  found  that  an 
injury  to  the  dorsal  lip  of  the  blastopore  in  the  egg  of  Sana 
produced  a  defect  in  the  brain  region  of  the  embryo,  and  from  this 
result  he  inferred  that  >Es  entspricht  also  die  mediane  Anlage  der 
Urmundslippe  dem  queren  Gehimwulst  des  Embryo «.  Boux  also 
found  that  an  injury  to  the  equatorial  region  of  the  egg  gave  a 
defect  in  the  middle  of  the  medullary  folds,  while  a  puncture  in  the 
centre  of  the  black  hemisphere  produced  an  extra- ovate  that  later 
appeared  on  the  under  side  of  the  embryo.  The  conclusions  that  he 
drew  from  his  experiments  were  that  the  dorsal  lip  of  the  blasto- 
pore travels  about  170°  over  the  yolk  to  meet  the  stationary  ventral 
lip  and  that  the  embryo  is  formed  entirely  on  the  white  hemisphere 
by  a  process  of  concrescence. 

ScHULTZE  (8)  believing  that  normal  development  might  be  inter- 
fered vrith  by  such  operations,  observed  the  position  of  natural  marks 
on  eggs  of  Rana  during  the  period  of  gastrulation  and  came  to  the 
conclusion  that  »Eine  Verschiebung  des  Urmundes  tlber  die  Unter- 
seite  des  Eies  findet  nicht  statt«.  He  concluded  that  the  embryo 
forms  entirely  on  the  black  hemisphere. 

Later  workers  in  experimenting  on  the  egg  of  Rana  have  found 
that  their  results  do  not  agree  with  those  obtained  by  Roux  and 
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rfciiULTZE.  Morgan,  from  his  experiments  on  Kana  palnstris,  came 
to  the  conclusion  that  there  is  an  overgrowth  of  the  white  cells  by 
the  dorsal  lip  of  the  blastopore  and  that  the  embryo  forms  partly 
on  the  white  partly  on  the  black  hemisphere  by  a  process  of  con- 
crescence. He  found  that  an  extra- ovate  produced  in  the  centre  of 
the  black  hemisphere  at  the  beginning  of  gastrulation  is  later  found 
on  the  ventral  surface  of  the  embryo,  and  that  a  puncture  above 
the  dorsal  lip  of  the  blastopore  when  the  latter  has  just  formed, 
produces  an  extra-ovate  that  later  appears  in  the  cephalic  region  of 
the  embryo.  Morgan's  results  show  also,  that  there  is  a  forward 
movement  of  the  ventral  lip  of  the  blastopore  and  that  the  blasto- 
pore lips  close  in  at  nearly  equal  rates  from  all  sides.  My  results 
on  Bufo  agree  in  most  respects  with  those  of  Morgan,  the  main 
diflferences  being  that  I  find  the  anterior  end  of  the  Bufo  embryo 
extending  farther  up  on  the  black  hemisphere  than  seems  to  be  the 
case  in  the  embryo  of  Rana  palustris,  and  that  the  dorsal  lip  of 
the  blastopore  in  the  egg  of  Bufo  moves  over  somewhat  more  of  the 
surface  of  the  lower  hemisphere  than  is  the  case  in  Rana. 

In  1895,  Eycleshymer  (2)  published  the  results  of  a  series  of 
experiments  on  the  egg  of  Amblystoma.  He  punctured  the  egg  in 
the  centre  of  the  black  hemisphere  in  early  and  late  segmentation 
stages  and  found  that  in  7  eggs  the  extra- ovate  later  occupied  a 
position  near  the  median  line  of  the  embryo  just  beyond  the  trans- 
verse portion  of  the  neural  folds  (agreeing  with  my  Experiment  1). 
In  5  other  eggs  the  extra-ovate  appeared  within  the  neural  folds. 
With  such  a  result,  Eycleshymer  states  that  the  inference  from  the 
experiment  is  that  the  apical  pole  of  the  egg  corresponds  to  the 
later  head  region  of  the  embryo!  This  conclusion  does  not  seem 
to  me  to  be  justified  by  the  experiment.  It  is  evident  that  there 
must  have  been  a  considerable  amount  of  variation  in  the  location 
of  the  punctures  when  the  operations  were  made,  but  if  one  judges 
solely  by  the  results  the  more  obvious  conclusion  from  them  appears 
to  me  to  be  that  the  anterior  end  of  the  embryo  does  not  extend 
up  to  the  pole  of  the  black  hemisphere. 

In  a  more  extended  series  of  experiments  on  the  eggs  of  Acris, 
Amblystoma  and  Bufo  published  in  1898,  Eycleshymer  (3)  describes 
one  experiment  where  10  eggs  of  Bufo  were  punctured  in  the  fol- 
lowing manner:  one  extra -ovate  was  produced  at  the  apex  of  the 
black  pole  and  another  just  above  the  equatorial  zone  in  a  line  with 
the  middle  of  the  dorsal  lip  of  the  blastopore.    In  the  7  eggs  that 
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developed  the  lower  extra -ovate  was  in  every  case  in  the  posterior 
third  of  the  neural  folds,  while  the  extra- ovate  whieh  had  presiH 
mably  been  produced  at  the  pole  of  the  black  hemisphere  occupied 
different  positions  in  different  eggs,  varying  from  far  outside  the 
neural  folds  in  front  to  near  the  middle  of  the  embryo.  Eycleshymbr 
concludes  from  this  experiment  alone  that  the  anterior  end  of  the 
embryo  of  Bufo  lentiginosus  extends  up  to  the  apex  of  the  black 
pole,  thus  bringing  it  into  agreement  with  his  conclusions  regarding 
the  formation  of  the  cephalic  region  in  the  embryo  of  Acris  and 
Amblystoma.  In  discussing  the  results  of  his  experiments,  Etcles- 
HY.\[£R  states:  »The  primary  area  of  cell  activity  at  the  upper 
pole  of  the  amphibian  egg  forms  the  basis  of  the  cephalic  end  of 
the  embryo.  The  secondary  area  of  cell  activity  on  the  blastopore 
side  of  the  egg,  forms  the  basis  of  the  greater  portion  of  the 
posterior  half  of  the  embryo.  These  two  arejis  constitute  an  em- 
bryonic tract  from  which  arises  at  least  the  anterior  two  thirds  of 
the  embryo.  —  The  greater  portion  of  the  embryo  arises  in  the 
darker  hemisphere  by  differentiation  in  situ,  and  not  by  concrescence.* 
My  own  experiments  do  not  lead  me  to  agree  with  the  above  state- 
ment as  I  consider  that  the  embryo  of  Bufo  is  formed  fully  as  much 
on  the  white  as  on  the  dark  hemisphere  and  that  the  cephalic  portion 
of  the  embryo  is  formed  from  the  material  about  half  way  between 
the  place  where  the  dorsal  lip  ot  the  blastopore  first  appears  and 
the  centre  of  the  black  hemisphere. 

In  1894,  AssHETON  made  a  few  experiments  on  the  frog's  egg 
which  were  similar  to  those  made  by  Morgan.  He  also  came  to 
the  conclusion  that  the  embryo  forms  partly  on  the  white  partly  on 
the  dark  hemisphere  but  considers  that  the  apparent  overgrowth 
of  the  dorsal  lip  of  the  blastopore  is  but  60*^ — 70°  while  Morgan 
and  Wilson  believe  that  the  dorsal  lip  moves  about  120°.  My  own 
experiments  and  observations  lead  me  to  think  that  in  the  egg  of 
Bufo  the  dorsal  lip  of  the  blastopore  moves  over  about  140°  of  the 
lower  hemisphere  of  the  egg. 

Bertacchini  (11),  in  a  recent  paper  which  I  have  not  seen,  brings 
forward  experimental  evidence  to  show  that  the  dorsal  lip  of  the 
blastopore  moves  over  more  than  180°  of  the  surface  of  the  egg. 

The  most  recent  work  in  this  field  is  that  of  Wilson  who  made 
use  of  the  eggs  of  chorophilns  feriarum  and  Amblystoma  in  his  ex- 
periBients.  Wilson  found  a  considerable  variation  in  his  results  in 
many  cases  and  in  consequence  he  is  inclined  to  consider  that  more 
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knowledge  regarding  the  early  development  of  the  egg  can  be  ac- 
quired through  observations  on  the  living  egg  than  by  any  experi- 
mental means.  The  conclusions  he  drew  from  his  experiments  were 
in  accord  with  his  observations  on  the  living  egg,  and  in  the  main 
agree  with  those  I  obtained  on  Bufo.  In  a  later  paper  Wilson  (10; 
lays  great  emphasis  on  the  forward  movement  of  the  ventral  lip  of 
the  blastopore.  He  states  that  the  » ventral  lip  is  far  from  stationary, 
in  that  directly  upon  its  formation  it  begins  to  overgrow  the  yolk, 
at  about  the  same  rate  as  the  dorsal  lip«,  and  he  estimates  that  the 
ventral  lip  overgrows  the  yolk  about  47\/2°  This  measurement  is 
much  larger  than  that  computed  by  other  investigators  and  is  certainly 
considerably  greater  than  either  experiments  or  observations  would 
warrant  ray  stating  for  the  egg  of  Bufo. 


Summary. 

1)  The  dorsal  lip  of  the  blastopore  in  the  egg  of  Bufo  lenti- 
ginosus  moves  over  the  yolk  from  a  point  below  the  equator  of  the 
egg  where  it  first  appears,  to  beyond  the  centre  of  the  white  hemi- 
sphere (Experiment  2).  The  backward  movement  of  the  dorsal  lip  of 
the  blastopore  is  still  further  indicated  by  Experiments  3,  5,  6,  and  11. 

2)  There  is  a  movement  of  the  cells  just  above  the  middle  of 
the  dorsal  lip  of  the  blastopore  to  the  edge  of  the  blastopore  (Ex- 
periments 4,  6,  22);  but  somewhat  farther  forward  the  cells  are  not 
involved  in  this  movement  (Experiment  5).  Material  also  moves  in  to 
the  blastopore  rim  from  the  immediate  vicinity  of  the  sides  of  the 
dorsal  lip  (Experiment  9)  and  from  the  sides  of  the  lateral  lips  (Ex- 
periment 17),  but  farther  away  there  is  no  movement  of  the  cells 
(Experiments  10,  12). 

3)  Material  from  the  equatorial  region  of  the  egg  moves  in  to 
the  middle  line  to  help  form  the  mid-dorsal  portion  of  the  embryo 
by  a  process  of  concrescence  (Experiments  11,  17). 

4)  The  material  a  little  above  the  dorsal  lip  of  the  blastopore 
forms  the  middle  portion  of  the  embryo  (Experiment  5).  The  anterior 
end  of  the  embryo  does  not  extend  up  to  the  pole  of  the  black 
hemisphere  (Experiments  1,  8),  but  is  formed  about  half  way  between 
the  place  where  the  dorsal  lip  of  the  blastopore  first  appears  and 
the  centre  of  the  black  hemisphere  (Experiment  7).  The  embr}'0, 
therefore,  forms  partly  on  thQ  black  and  partly  over  the  white 
hemisphere. 
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5)  The  ventral  lip  of  the  blastopore  forms  at  the  edge  of  the 
white  area  directly  opposite  the  dorsal  lip  (Experiment  13).  There 
is  a  forward  movement  of  the  cells  in  the  immediate  vicinity  of  the 
ventral  lip  (Experiments  18,  20,  21),  but,  the  cells  further  away  from 
the  ventral  lip  are  not  involved  in  this  movement  (Experiments  15, 
18,  19,  21). 

6)  The  ventral  lip  of  the  blastopore  moves  forward  over  the  yolk 
but  only  a  short  distance  as  compared  with  the  movement  of  the 
dorsal  lip  (Experiments  18,  19,  20). 

7)  The  region  of  cell  activity  is  more  extensive  at  the  dorsal 
lip  of  the  blastopore  than  at  the  ventral  lip  (Experiment  22). 

8)  The  rate  of  movement  of  the  cells  above  the  middle  of  the 
dorsal  lip  of  the  blastopore  is  greater  than  that  of  the  cells  at  the 
sides  (Experiment  22).  Experiment  21  indicates  that  the  same  may 
be  true  of  the  cells  below  the  ventral  lip. 

9)  After  the  blastopore  has  become  circular,  it  closes  in  at  nearly 
equal  rates  from  all  sides  (Experiments  16,  23). 

Bryn  Mawr  College,  Bryn  Mawr,  Pa.,  Dec.  2"'^  1901. 


Zusammenfassung. 

1)  Die  dorsale  Blastoporaslippe  im  Ei  von  Bufo  lentiginosus  bewegt  sich 
ttber  den  Dotter  hin  von  einem  Punkte  unterhalb  des  Eiaquators  aus  bis  jenseits 
dee  Centrums  der  weiGen  Hemisphjire  (Versuch  2;.  Die  Rllckwartsbewegung 
der  dorsalen  Blastoporuslippe  findet  sich  noch  weiter  verfolgt  in  den  Versuchen 
3,  5,  6  und  11. 

2)  Eb  findet  dabei  eine  Bewegung  der  Zellen  gerade  oberhalb  des  Centrums 
der  dorsalen  Blastoporaslippe  nach  dem  Blastoporusrande  hin  statt  (Versuch  4, 
6,  22) ;  aber  weiter  vorwarts  betheiligen  sich  die  Zellen  nicht  an  dieser  Bewegung 
(Versuch  5).  Es  verschiebt  sich  auch  Material  nach  innen  zum  Blastoporusrande 
ana  der  nnmittelbaren  Nachbarschaft  der  Seitenpartien  der  Dorsallippe  (Ver- 
Boch  9)  und  von  den  Seiten  der  seitlichen  Lippen  her,  in  gr()Berer  Entfemung 
finden  dort  jedoch  keine  Zellverschiebungen  statt  (Versuch  10,  12). 

3)  Bildungsmaterial  von  der  Aquatorialregion  des  Eies  bewegt  sich  gegen 
die  Mittellinie  hin,  um  sich  an  der  Bildung  der  mittleren  Rlickenpartie  des 
Embryos  nnter  Verwachsungsvorgangen  zu  betheiligen  (Versuch  11  und  17). 

4)  Das  Material  etwas  oberhalb  der  dorsalen  Blastoporuslippe  bildet  die 
Mittelpartie  des  Embryos  (Versuch  6).  Sein  vorderes  Ende  reicht  nicht  bis  zum 
Mittelponkt  der  schwarzen  Hemisphiire  herauf  (Versuch  1,  8).  bildet  sich  viel- 
mehr  etwa  mitten  zwischen  der  Stelle  des  ersten  Auftretens  der  dorsalen  Blasto- 
poraslippe and  dem  Mittelpunkt  der  schwarzen  Eihalfte  (Versuch  7).  Der  Embryo 
entstebt  daher  theils  im  Gebiete  der  dunklen,  theils  an  der  Oberflache  der  hellen 
EOiElfte. 
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5)  Die  ventralc  Blastoponislippe  entstelit  an  dem  der  dorsalen  Lippe  gegen- 
iiber  liegenden  Rande  des  weiBen  Feldes  (Versuch  13).  In  onmittelbarer  Nach- 
barschaft  der  ventralen  Lippe  riicken  dabei  die  Zellen  vorwUrta  (Versuch  18, 
20,  21) ;  jedoch  betheiligen  sich  die  Zellen  in  gri>Gerer  Entfemung  von  der  ven- 
tralen Lippe  nicht  an  dieser  Bewegung  (Versuch  15,  18,  19,  21). 

6)  Die  ventrale  Blastoporuslippe  rilckt  iiber  den  Dotter  gleichfalls  vor,  im 
Vergleich  zur  Verschiebung  der  Dorsallippe  aber  nur  eine  kurze  Strecke  weit 
(Versuch  18,  19,  20). 

7)  Der  Bezirk  der  aktiven  ZellthUtigkeit  ist  an  der  Dorsallippe  grOGer  als 
an  der  ventralen  (Versuch  22). 

8)  Der  Verschiebungsbetrag  ist  ftir  die  Zellen  oberhalb  des  Dorsallippen- 
centrums  grOGer  als  fUr  die  Zellen  an  den  Blastoporusseiten  (Versuch  22j. 
Versuch  21  zeigt,  dass  dasselbe  auch  fiir  die  Zellen  unterhalb  der  ventralen 
Lippe  gilt. 

9)  Nachdem  der  Blastoporus  cirkular  geworden  ist,  riicken  be!  seinem  Schluss 
von  alien  Seiten  her  etwa  gleiche  Betrage  nach  innen  vor  (Versuch  16,  23). 
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THE  GASTRULATION  OF  THE  EGG  OF  BUFO 

■ 

LENTIGINOSUS. 

HELEN   DEAN   KING. 

An  examination  of  the  literature  dealing  with  the  early 
development  of  the  amphibian  egg  shows  many  conflicting 
observations  and  theories  regarding  the  origin  of  the  blasto- 
pore and  the  manner  of  formation  of  the  mesoderm  and 
notochord.  It  is  evident,  therefore,  that  more  forms  must  be 
studied  and  the  observations  in  some  cases  carefully  repeated 
before  any  general  conclusions  regarding  the  origin  of  these 
structures  can  be  drawn  for  the  entire  group. 

The  amphibian  eggs  that  have  been  most  studied  are  those 
of  Rana,  Triton,  Axolotl,  and  Bombinator.  The  present  paper 
deals  with  the  early  development  of  the  egg  of  Bufo  Icntiginosus 
from  the  end  of  cleavage  until  the  closure  of  the  blastopore. 
The  eggs  of  this  amphibian,  although  very  abundant  and  easily 
obtained,  have  been  but  little  used  either  for  observation  or  for 
experiment,  owing,  doubtless,  to  their  small  size  and  to  their 
relatively  deep  pigmentation,  which  makes  it  very  difficult  to 
follow  the  fate  of  living  cells. 

Method. 

In  preparation  for  sectioning,  eggs  were  killed  in  various 
fluids :  picro-acetic,  picro-sulphuric,  formalin,  and  corrosive- 
acetic.  By  far  the  best  results  were  obtained  with  corrosive- 
acetic  (S  per  cent  acetic).  Formalin  (3-10  per  cent)  gives 
exceedingly  good  preparations  for  a  study  of  surface  struc- 
tures, but  it  cannot  be  relied  on  to  give  histological  details, 
as  it  usually  produces  numerous  cracks  in  various  parts  of 
the  egg.  The  sections  were  stained  on  the  slide  with  the 
mixture  of  borax  carmine  and  Lyon's  blue,  recommended  in 

a  previous  paper  (King,  10).     With  the  use  of  this  stain  the 
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nuclei    appear  red,   the  yolk  blue,  and  the  cell  outlines  are 
brought  out  with  great  clearness. 


The  Formation  of  the  Blastopore. 

The  egg  of  Bufo  lentiginosus  probably  contains  a  greater 
amount  of  pigment  in  proportion  to  its  size  than  that  of  any 
other  common  amphibian.  It  is,  therefore,  very  difficult  to 
study  the  movements  of  individual  cells  before  and  during  the 
formation  of  the  blastopore,  as  has  been  done  to  some  extent  in 
the  eggs  of  several  other  species  of  amphibians,  where  the  pigmen- 
tation is  less  extensive  and  cell  outlines  can  be  readily  determined. 

In  the  egg  of  Bufo  the  pigmentation  extends  in  all  cases 
some  distance  below  the  equator,  and  I  have  frequently  found 
eggs  in  which  fully  three-fourths  of  the  surface  was  deeply 
pigmented  before  the  appearance  of  the  blastopore.  Indi- 
vidual eggs,  even  from  the  same  female,  differ  greatly  in  the 
amount  of  pigment  they  contain.  As  a  rule,  the  pigment  line 
extends  farther  down  on  one  side  of  the  egg  than  on  the  other, 
as  seen  in  Fig.  i,  agreeing  in  this  respect  with  the  frog's 
^^g  according  to  Schultze  (24),  Morgan  and  Tsuda  (17),  and 
Wilson  (27). 

Sections  through  an  ^^g  at  the  close  of  the  blastula  stage 
show  a  large  segmentation  cavity  in  the  upper  hemisphere. 
Its  dorsal  wall  is  formed,  as  in  the  frog,  of  three  or  four  layers 
of  small  angular  ceHs  of  uniform  size.  The  cells  forming  the 
outer  surface  of  the  ^%^  are  almost  completely  filled  with 
pigment  granules,  and  a  considerable  amount  of  pigment  is 
scattered  throughout  all  the  cells  of  the  upper  part  of  the  egg. 
The  yolk  cells  below  the  segmentation  cavity  are  much  larger, 
more  rounded,  and  stain  less  intensely  than  the  cells  in  the 
upper  hemisphere.  There  is  the  same  gradual  increase  in  the 
size  of  the  cells  from  the  upper  to  the  lower  pole  that  other 
investigators  have  noted  in  the  frog's  it^^. 

The  dorsal  lip  of  the  blastopore  invariably  appears  some  dis- 
tance below  the  equator  of  the  egg,  but  never  in  the  middle 
of  the  lower  hemisphere,  as  maintained  by  Houssay  (8)  for  the 
axolotl  and  Jordan  (9)  for  the  newt. 
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If  the  egg  has  but  the  usual  amount  of  pigment,  the  first 
evidence  of  the  blastopore,  in  surface  view,  is  a  short,  dark, 
almost  straight  line  at  the  extreme  Qd^o.  of  the  black  cells 
(Fig.  1).  If  the  pigmentation  is  unusually  extensive,  the  blas- 
topore appears  in  its  same  relative  position  with  respect  to  the 
lower  pole  of  the  egg  but  distinctly  within  the  black  cells. 
Whether  there  is,  as  the  first  step  in  the  formation  of  the  blas- 
topore, a  'Mining  up"  of  the  ectoderm  cells,  as  described  by 
Wilson  for  the  frog,  I  have  not  been  able  to  determine. 

Sections  of  an  o,^^  at  the  beginning  of  gastrulation  show 
that  the  dorsal  lip  of  the  blastopore  is  formed  primarily  by  a 
sinking  in  of  several  of  the  surface  cells  (Fig.  9).     The  shallow 
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FiG«i.  i~H.  —  Surface  views  of  ihe  hivver  hcmisplicre  «)f  an  egg  during  lliu  formation 

and  closure  of  the  l)!asti»porc. 

depression  thus  formed  is  rapidly  extended  and  soon  becomes 
a  pronounced  furrow  (Fig.  lo).  The  cells  involved  in  this 
sinking  in  are  all,  without  question,  large  yolk  cells  which  are 
decidedly  wedge-shaped  and  contain  a  considerable  amount 
of  pigment  in  their  smaller  ends  turned  towards  the  exterior 
(Figs.  9,  10,  II). 

After  the  lateral  extension  of  the  dorsal  lip  to  form  a  cres- 
cent, a  sagittal  section  through  the  blastopore  shows  that  the 
furrow  has  deepened  considerably  and  that  its  inner  end  is 
turned  up  towards  the  dark  pole  (Fig.  1 1).  From  this  time  on 
there  is  a  marked  difference  in  appearance  between  the  cells 
forming  the  dorsal  wall  of  the  archenteron  and  those  forming 
the  ventral  wall.    The  cells  of  the  dorsal  wall  are  small,  angular, 


530  THE  AMERICAN  NATURALIST.       [Vol.  XXXVi. 

deeply  pigmented  cells,  and  they  are  apparently  exactly  like 
the  small  cells  forming  the  upper  surface  of  the  egg,  except 
that  they  do  not  contain  quite  as  much  pigment.  Tlie  yolk 
cells  which  form  the  floor  of  the  archenteron  are  three  or 
four  times  larger  than  the  cells  of  the  dorsal  wall,  and  they 
arc  more  rounded  and 
contain  little  if  any  pig- 
ment. The  distinction 
between  these  cells  is 
made  more  evident  by 
the  fact  that  with  the 
combination  stain  used 
all  the  yolk  cells  appear 
decidedly  blue,  while  the 
cells  of  the  dorsal  wall  of 
the  archenteron  and,  in 
fact,  all  the  cells  of  the 
upper  hemisphere,  take 
a  distinctly  reddish  tint. 
The  cells  at  the  anterior 
end  of  the  archenteron 
are  still  wedge-shaped  at 
this  stage.  They  are 
intermediate  in  size  be- 
tween the  cells  forming 
the  dorsal  wall  and  those 
forming  the  ventral  wall 
of  the  archenteron,  and 
they  stain  like  the  yolk 

Fir.,  0.  -  Pan  of  a  Ktii™  llirauKh  i\k  mcdi.xn  i.lanc  o(      Cclls. 

d""! ''!ti.'."''!jT  '"^(."^.^r  "*  i^"*  'i'''dT"'i  r'r  ^"  Opposition  to  most 
.v.c.,«(n.wiiiiioncaviiyi  /(/.., iiijst..p<,rci  ,i/.,cciij  in  vcs t igat or s,  Moquin- 
■  R  »«       veup  iiiunirH  rrni.  Taudon  (15),   Houssay, 

Robinson  and  Assheton  (20),  and  Marshall  (14)  maintain  that 
the  archenteron  of  the  amphibian  embryo  is  not  formed 
by  a  process  of  invagination,  but  by  a  splitting  between 
yolk  ceils  which  thus  form  the  dorsal  as  well  as  the  ventral 
wall    of   the   archenteron.      In    a   later   paper,    Assheton   (i) 
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States  that  "the  formation  of  the  primitive  archenteron  is 
by  a  process  of  splitting,  and  is  the  direct  effect  of  the  pri- 
mary center  of  growth  ;  whilst  the  continuation  of  the  cavity 
produced  by  an  overgrowth  is  the  direct  effect  of  the  second- 
ary center  of  growth." 

That  the  archenteron  in  the  egg  of  Bufo  Icntiginosiis  is  not 
formed  by  a  splitting  between  yolk  cells  is  shown,  I  think,  by 
a  study  of  a  series  of  well-preserved  eggs  during  the  early 
stages  of  gastrulation. 
The  archenteron 
never  appears  "  slit- 
like"  at  this  time. 
On  the  contrary,  its 
walls  are  usually  some 
distance  apart  and  its 
inner  end  is  invari- 
ably rounded  (Figs. 
10,  1 1).  Occasionally 
at  the  stage  of  Fig. 
12,  never  earlier,  I 
have  seen  an  irregu- 
lar cleft  between  the 
yolk  cells  at  the  ante- 
rior end  of  the  arch- 
enteron which  might, 
perhaps,   be    con-      ^'hiiy [,,„ «"t, 

sidered  a  forward  '^"11,"  1|^,„'"^'''^'^  "^^"^7  tiT.rcI^f'w™"' "^ 
extension    of    the 

archenteron,  but  such  a  cleft  is  usually  seen  only  in  badly 
preserved  eggs  where  the  cells  are  all  more  or  less  separated, 
and  therefore  I  have  always  considered  that  it  was  artificially 
produced  by  the  method  used  in  killing  and  hardening  the  egg. 
Jordan,  Wilson,  and  Eycleshymer  (4),  among  others,  have 
watched  the  disappearance  of  individual  surface  cells  under  the 
dorsal  lip  of  the  blastopore  in  the  early  gastrulation  stages  of 
the  living  egg.  These  observations  seem  to  me  to  afford  con- 
clusive evidence  that  invagination  of  cells  plays  an  important 
rdle  in  the  formation  of  the  archenteron. 


ttiun  IhinUKh  the  hl3.-L(t)pc 
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The   presence   of   pigment   in   the   inner  ends  of  the  cells 
forming  the  dorsal  wall  of  the  archenteron  has  been  explained 
by  Robinson  and  Asshcton  as  follows:  "The  pigmented  area 
is  produced  and  extended  by  the  deposit  of   pigment  in  the 
adjacent  margins  of  a  double  row  of  yolk  cells  which  eventu- 
ally will  form  the  boundary  wall  of  the  archenteron,  and  it 
also  radiates  from  this 
area  along  the  adj;i- 
t  cent   margins  of  the 

cells  of  each  row,  A 
slit-like  space  appears 
in  the  middle  of  the 
posterior  portion  of 
the  pigmented  area. 
This  space  first  limits 
the  dorsal  lip  of  the 
blastopore,  and  then 
extends  forward  and 
ventrally,  following 
M —  the    deposit    of    pig- 

ment, and  separating 
the  two  rows  of  mar- 
ginally pigmented 
cells  from  each 
other."  During  the 
early  stages  of  gastru- 
lation  there  is  always 
found  at  the  anterior 
end  of  the  archen- 
teron a  marked  accu- 
mulation of  pigment 
that   is  extended 

Kii;  ir.  — Pincif.iii.td.an'aeitiaUi-Lii„nilir.>u-l.ihc  hla«u-  ^'"■^"n'^  *0  include  a 
|>.n,ilIlK«ugt,.t  Kig.i.  £l„  mi,d«m.  other  l»:iicriiiE  few  oE  the  Volk  CClls 
u  in  picviDu:,  llguics.  .  ' 

m  this  region  (Figs. 
10-I2).  I  have  never  found  more  than  a  few  scattered  pigment 
granules  in  the  lower  yolk  cells  except  in  this  particular  part 
of  the  egg,  and,  if  the  archenteron  is  formed  by  a  splitting 


No.  42?-]         THE  EGG   OF  BUFO  LENTIGINOSUS.  533 

between  marginally  pigmented  yolk  cells,  then  the  pigment 
must  at  once  almost  entirely  disappear  on  one  side  of  the  split 
and  not  on  the  other. 

The  pigmentation  at 
the  anterior  end  of  the 
archenteron  in  the  egg 
of  Bufo  is  not  confined 
to  "  a  double  row  of  yolk 
cells "  anterior  to  the 
actual  cleft.  Well- 
marked  lines  of  pig-  * 
ment  may  extend  out  in 
any  direction,  even  at 
right  angles  to  the  line 
of  advance  of  the  arch- 
enteron, as  seen  in  Fig. 
1 3.  From  the  time  that 
the  blastopore  is  first 
formed,  the  pigment  in 
the  cells  of  the  dorsal 
wall  of  the  archenteron 
is  always  collected 
around  the  cell  walls, 
never    around    the    nu-     „           „      ,       ^.        •    ,           ^      ,. .,. 

K«i.  ■:.  —  Rin  of  a  nwdiin  sagillaL  KCIinn  through  the 

cleus.  Rhumbler  (22)  bbjioporciiHictiaKctFin-j-  r.,yoikpiug.  oih« 
considers  this  phenom-  *"""■«  " '"  i"*"""'  p^" 
enon  to  be  due  to  the  mechanical  effect  of  pressure.  The 
suggestion  has  been  offered  by  Jordan  "  that  the  pigment  marks 
physiological  activity,  and  that  the  less  heavily  pigmented  cells 
of  the  ventral  wall  of  the  archenteron  owe  their  relative  lack 
of  pigment  to  more  sluggish  metabolism  attendant  upon  less 
rapid  cell  division."  It  is  certainly  true  that  the  large  yolk 
cells  in  the  egg  of  Bufo  divide  less  frequently  than  the  cells 
in  the  upper  hemisphere,  but  there  is  no  evidence  that  the 
deeply  pigmented  cells  of  the  outer  surface  of  the  upper 
hemisphere  or  of  the  dorsal  wall  of  the  archenteron  divide 
more  rapidly  than  the  cells  that  are  found  between  them.  If, 
therefore,    Jordan's     suggestion     is    correct,     some    kind    of 
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"physiological  activity"  other  than  that  attendant  upon  rapid 
cell  division  must  produce  the  pigmentation  in  these  cells. 

The  extension  of  the  lateral  lips  of  the  blastopore  and  the 
formation  of  the  yolk  plug  have  been  so  frequently  described 
for  other  forms  that  a  description  of  these  processes  is  not 
necessary  here,  as  they  are  apparently  similar  in  all  respects 
to  those  which  take  place  in  the  frog.  Following  the  method 
used  by  Pfliiger  (20),  a  number  of  eggs  in  the  blastula  stage 
were  placed  on  a  mirror  in  a  shallow  dish  of  water  and  the  for- 
mation of  the  blastopore  watched  in  mirror  image.     Figs.  1-8 


show  the  appearance  and  the  location  of  the  blastopore  at  dif- 
ferent times  during  the  day,  from  8  a.m.,  when  the  blasto}>ore 
lip  first  appeared,  to  6  r.M.,  when  the  egg  began  a  rotation 
around  its  horizontal  axis.  There  was  no  evidence  to  show 
that  the  position  of  the  eggs  was  changed  during  the  time 
they  were  kept  under  observation  ;  on  the  contrary,  one  egg, 
in  which  a  peculiar  light  spot  was  seen  below  the  equatorial 
region,  wa.s  watched  particularly,  and  the  spot  was  found  to 
keep  its  same  iclativc  position  until  the  rotation  of  the  egg 
took  place.     These  mirror  images  show  that  the  dorsal  Up  of 
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the  blastopore  appears  below  the  equator  of  the  egg  at  the 
edge  of  the  black  cells  (Fig.  i),  and  that  the  blastopore  rim 
extends  at  a  uniform  rate  in  the  form  of  a  crescent  around 
the  lower  hemisphere,  until  finally  the  yolk  plug  is  formed 
(Figs.  2-4).  Meanwhile,  the  dorsal  lip  of  the  blastopore  has 
moved  over  the  yolk,  and  seven  hours  after  its  first  appearance 
has  reached  the  center  of  the  white  hemisphere  (Fig.  6).  The 
closure  of  the  blastopore  lips  takes  place  almost  uniformly  from 
all  sides  as  a  rule  (Fig.  7),  although  occasionally  the  blastopore 
is  somewhat  oval  when  it  is  in  the  stage  of  Fig.  8.  At  or  just 
before  the  stage  of  Fig.  8  a  rotation  of  the  ^^g  around  its 
horizontal  axis  takes  place,  thus  bringing  the  dorsal  lip  of  the 
blastopore  back  to  its  original  position. 

In  its  movement  over  the  lower  hemisphere  the  dorsal  lip  of 
the  blastopore  seems  to  pass  through  about  140''  of  the  surface 
of  the  ^^'g.  There  is  apparently  a  slight  variation  in  this  respect 
in  different  eggs.  This  measurement  is  somewhat  greater  than 
that  given  by  Morgan  (16)  and  by  Wilson  (27)  for  the  move- 
ment of  the  dorsal  lip  of  the  blastopore  in  the  frog  ^gg^  and 
differs  considerably  from  the  measurements  which  have  been 
given  by  other  investigators.  Roux  (21)  and  Pfliiger  (19)  esti- 
mate that  the  dorsal  lip  moves  about  170°,  while  Kopsch  (11) 
considers  the  movement  to  be  but  75*^ ;  and  this  figure  is  further 
reduced  by  Assheton,  who  states  that  much  of  the  so-called 
movement  of  the  dorsal  lip  is  only  apparent  and  that  the  real 
movement  is  only  from  60°  to  70°. 

The  Formation  of  the  *'Germ  Layers"  and  the 

notochoku. 

Observations  regarding  the  origin  of  the  endoderm,  meso- 
derm, and  notochord  in  different  amphibian  eggs  are  so 
conflicting  that  apparently  the  most  plausible  interpretation 
of  them  is  to  assume  that  there  is  absolutely  no  uniformity 
in  the  manner  of  formation  of  these  structures  even  in 
species  that  are  considered  to  be  very  nearly  related  to 
each  other.  Such  an  assumption,  however,  can  scarcely  be 
the  correct  one. 
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Goette  (6),  one  of  the  early  workers  on  the  development  of 
the  amphibian  egg,  considered  the  mesoderm  in  the  ^^^  of 
Bombinator  to  arise  from  the  splitting  off  of  a  layer  of  cells 
from  the  primitive  entoblast,  the  layer  thus  formed  extending 
as  an  unbroken  sheet  across  the  dorsal  wall  of  the  archenteron. 
The  rest  of  the  primitive  entoblast  was  said  to  form  the  cndo- 
derm.  According  to  Goette,  a  central  chord  of  mesoderm  in 
the  mid-dorsal  region  of  the  embryo  separates  from  the  two 
lateral  sheets  to  form  the  notochord. 

A  few  years  later  Hertwig  (7),  after  studying  the  develop- 
ment of  the  eggs  of  Triton  and  of  Rana  tcmporaria^  came  to 
the  conclusion  that  the  mesoderm  in  the  amphibian  egg  arises 
in  the  vicinity  of  the  blastopore  **durch  eine  paarige  Ein- 
faltung  des  Entoblast  schon  zu  einer  Zeit  wo  die  Gastrula- 
einstiilpung  noch  nicht  ganz  vollendet  ist."  The  amphibian  ^gg 
was  thus  brought  into  agreement  with  Hertwig*s  observations 
on  the  development  of  other  vertebrates  and  gave  additional 
support  to  his  well-known  coelom  theory.  A  few  other 
writers  —  Balfour  (2),  Marshall  (14),  and  Schwink  (26)  — 
agree  with  the  results  obtained  by  Hertwig. 

In  1888,  Schultzc  (25),  from  observations  on  Rana  fnsca, 
decided  that  **das  mittlere  Blatt,  sowie  die  dorsale  Urdarm- 
wand  entstehen  aus  dem  Ektoblast  und  gehen  an  der  dorsalen 
Urmundlippe  alle  drei  Blatter  in  einander  iiber ;  in  den  seit- 
lichen  und  ventralen  Theilen  des  Blastoporus  setzt  sich  die 
Deckschicht  des  jiusseren  Keimblattes  mit  besonderer  Klarheit 
in  den  Entoblast,  die  Grundschicht  des  Ektoblast  ohne  Unter- 
brechung  in  den  Mesoblast  fort.'*  Perenyi  (18),  from  obser- 
vations on  the  iigg  of  Bombinator  ignens^  Lwoff  (13),  from  a 
study  of  Axolotl  and  various  Anura,  and  Brauer  (3),  from 
investigations  on  two  species  of  Gymnophiona,  also  came  to 
the  conclusion  that  the  mesoderm  is  ectodermal  in  origin. 
These  investigators,  however,  differ  somewhat  regarding  the 
manner  in  which  this  process  is  supposed  to  take  place. 

Perenyi  states  that,  as  a  result  of  a  turning  under,  or  "Dupli- 
kation,"  of  the  three-layered  outer  wall  of  the  egg  at  the  lips  of 
the  blastopore,  **(lie  ausscrsten  Deckzellen  der  Blastula  in  ihrer 
ununterbrochencn  Fortsctzung  nach  innen  endlichdie  untersten 
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Zellenreihen  bilden  werden  d.  h.  sie  verwandeln  sich  in  Ento- 
derm, wahrend  die  anderen  zwei  Zellenreihen  der  Blastula  auch 
in  ihrer  Riickwindung  beisammen  bleiben  und  eine  selbstandige 
Schichte,  das  Mesoderm,  bilden." 

According  to  Lwoff,  "die  Einwanderung  der  Ektoderm- 
zellen  und  die  Verschiebung  der  Entodermzellen  zwei  ver- 
schiedene  und  von  einander  unabhangige  Vorgange  sind. 
Die  Einwanderung  von  Ektodermzellen  beginnt  an  der  Stelle 
die  das  Hinterende  des  Embryo  markirt ;  die  Verschiebung  der 
Entodermzellen  beginnt  im  Gegentheil  im  vorderen  Theile. 
Wie  die  wciteren  Stadicn  lehren,  bildet  das  Hineinwachsen 
der  Ektodermzellen  die  zusammenhangende  ektoblastogene 
Anlage  der  Chorda  und  des  Mesoderms ;  die  Verschiebung 
der  Entodermzellen  fiihrt  zur  Bildung  der  Darmhohle,  die 
infolge  des  Auseinanderweichens  der  Entodermzellen  ent- 
steht.'* 

Brauer's  investigations  show  that  there  is  a  turning  under 
of  the  outer  surface  cells,  or  **  animal  cells,"  at  the  posterior 
end  of  the  germ  disk  and  that  by  the  forward  growth  of  these 
cells  under  the  upper  animal  cells  a  blind  sac  is  formed.  This 
blind  sac  becomes  the  posterior  part  of  the  archenteron,  and  at 
first  its  dorsal  wall  is  composed  of  the  animal  cells  invaginated 
from  the  surface.  In  subsequent  development  a  layer  of  vege- 
tative or  yolk  cells  grows  up  from  either  side  of  the  archenteron 
and  forms  a  layer  of  endoderm  beneath  the  invaginated  animal 
cells  which  later  become  the  mesoderm. 

The  origin  of  the  mesoderm  in  the  frog's  ^^g  has  been 
described  by  Morgan  (16)  as  follows:  "The  cells  that  are  to 
form  the  mesodermal  layer  are  present  at  the  time  when  the 
dorsal  lip  of  the  blastopore  has  first  appeared,  and  even  just 
prior  to  that  time."  The  innermost  of  the  cells  forming  a 
ring  around  the  equatorial  region  of  the  ^^^  where  the  black 
and  the  white  cells  meet  are  the  cells  that  later  become  the 
mesoderm.  *'  These  cells  are  carried  up  to  the  median  dorsal 
line  of  the  embryo  by  the  closure  of  the  blastopore.  They  will 
then  be  found  forming  a  layer  or  sheet  of  cells  that  separates 
itself  on  the  outer  side  from  the  thick  layer  of  small  ectoder- 
mal cells  (that  has  been  simultaneously  lifted  up)  and  that  is 
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separated  on  the  inner  surface,  but  not  very  sharply  if  at  all, 
from  the  dorsal  and  dorsal-lateral  walls  of  the  archenteron." 

In  the  ^^^  of  Bnfo  lentiginosuSy  when  the  blastopore  first 
appears  as  a  slight  depression  among  the  yolk  cells  just  below 
the  equator  of  the  egg  (Fig.  9),  the  cells  which  form  the  dorsal 
wall  of  the  segmentation  cavity  are  all  small,  somewhat  angular 
cells  which  contain  a  considerable  amount  of  pigment,  particu- 
larly the  cells  which  compose  the  outer  surface  of  the  ^g'g. 
Near  the  equator  the  cells  are  found  to  be  somewhat  larger 
and  to  contain  much  less  pigment,  while  in  the  lower  hemi- 
sphere the  cells  are  very  large,  and  they  have  but  a  few  scat- 
tered pigment  granules.  Up  to  this  stage  of  development 
there  is  no  visible  separation  of  the  cells  into  ectoderm,  endo- 
derm,  and  mesoderm.  The  smaller  cells  resulting  from  rapid 
cell  division  are  found  in  the  upper  part  of  the  Qg'g  and  the 
larger  cells,  which  divide  less  frequently,  are  grouped  around  the 
lower  pole.  The  mass  of  cells  marked  M  in  Fig.  9  undoubt- 
edly represent  the  region  of  the  egg  from  which  the  mesoderm 
is  formed.  These  cells  are  in  no  wise  distinctive  at  this  period, 
and  their  later  development  into  mesoderm  I  consider  to  be  due 
solely  to  their  position  in  the  ^g^  during  the  formation  and 
closure  of  the  blastopore.  The  cells  which  are  to  become 
mesoderm  form  a  layer  around  the  Qgg  at  the  equatorial  region 
just  inside  the  cells  that  are  to  become  the  ectoderm,  as  found 
>  to  be  the  case  in  the  frog's  ^^g^  according  to  Morgan.  These 
mesoderm  cells  have  many  characteristics  in  common  with 
the  large  yolk  cells  into  which  they  grade,  being  larger,  more 
rounded,  and  containing  much  less  pigment  than  the  small  cells 
of  the  upper  hemisphere.  It  seems  probable,  therefore,  that 
they  were  originally  produced  by  divisions  of  the  yolk  cells. 

When  the  lips  of  the  blastopore  have  extended  so  as  to  form 
a  crescent  in  surface  view  (Fig.  3)  a  frontal  section  through  an 
Q^g  in  the  region  of  the  blastopore  (Fig.  14)  shows  that  the 
dorsal  wall  of  the  archenteron  is  formed  of  several  layers  of 
small  cells  which  have  absolutely  no  distinction  between  them 
except  that  the  cells  of  the  outer  layer,  which  are  more  regu- 
larly arranL^cd,  contain  a  much  greater  amount  of  pigment  than 
the  other  cells.     At  the  sides  of  the  archenteron  the  innermost 
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of  these  cells  pass  into  the  large  yolk  cells  which  form  the  floor 
of  the  archenteron.  A  median  sagittal  section  through  the  blas- 
to|TOre  at  the  same  or  a  slightly  earlier  stage  of  development 
(Fig.  1 1)  shows  the  beginning  of  the  separation  of  the  ectoderm 
from  the  inner  cells  of  the  egg.  A  tolerably  regular  cleft  extemis 
some  distance  around  the  sides  of  the  egg,  on  a  line  usually 
with  the  lower  edge  of  the  dorsal  wall  of  the  segmentation 
cavity,  sharply  separating  the  layer  of  cells  forming  the 
outer  wall  of  the  egg  from  the  cells  within.  The  separation 
of  the  ectoderm  does  not  extend  as  far  down  as  the  equator 
of  the  egg  at  this   time,   and   it   is   some  hours  later  before 


the  ectoderm  at  the  lips  of  the  blastopore  is  distinct  from 
the  other  cells.  It  is  in  the  region  of  the  blastopore  that  the 
union  of  the  different  layers  persists  longest,  as  other  inves- 
tigators have  noted. 

At  the  stage  of  Fig.  3  the  formation  of  the  archenteron  is 
well  advanced,  and  a  median  sagittal  section  through  the  blasto- 
pore (Fig.  12)  shows  that  the  endoderm  of  the  dorsal  wall  of 
the  archenteron  is  formed  of  small,  angular,  deeply  pigmented 
cells  which,  as  far  as  I  am  able  to  determine,  appear  exactly  like 
the  small  cells  which  form  the  outer  surface  of  the  egg.  It 
seems  probable  that  these  cells  once  formed  a  part  of  the  outer 
surface  of  the  egg  in  the  region  just  outside  of  the  blastopore, 
and  that  they  have  been  turned  under  the  edge  of  the  blastopore 
lip  by  a  process  of  invagination,  thus  being  changed  into  endo- 
derm.    Whether,  in  later  stages  of  development,  the  endoderm 
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of  the  dorsal  wall  of  the  archenteron  receives  additions  from  the 
yolk,  as  believed  to  be  the  case  by  Assheton  and  by  Wilson,  I 
have  not  been  able  to  determine. 

After  the  ventral  lip  of  the  blastopore  has  formed  and  the 
blastopore   is  beginning  to  close  (Fig.  6),   a  division   of  the 


Fir;,  i;.  —  Pirt  ol  a  median  uplUl  uclian  Ihrough  Ihe  egc  al  the  slaj^  of  Fig.  A. 

ectoderm  into  two  layers  is  first  noticed.  A  median  sagittal 
section  at  this  period  (Fig.  15)  shows  an  outer  ectodermal  wall 
composed  of  a  single  layer  of  small,  deeply  pigmented  cells 
which  are  arranged  very  regularly.  The  inner  ectodermal 
sheath  is  composed  of  two  or  three  layers  of  much  larger  cells 
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which  are  distinctly  wedge-shaped  and  contain  a  comparatively 
small  amount  of  pigment.  The  inner  layer  of  ectoderm  is 
sharply  separated  from  the  mass  of  small  cells  above  the 
dorsal  wall  of  the  archenteron. 

When,  in  surface  view,  the  blastopore  has  reached  the  stage 
of  Fig.  6,  or  in  some  cases  even  as  early  as  Fig,  5,  a  splitting 
is  seen  in  the  mass  of  cells  above  the  archenteron,  and  a  single 
layer  of  endodertnal  cells  is  separated  from  the  cells  above. 


Fic.  16,  —  Outline  oF  tht  enlinKctun  [mm  which  Fig,  ijwai  dnwn. 
L.,  vcnini  Lip  of  the  btulopon. 

This  process  begins  some  distance  in  front  of  the  region  of  the 
blastopore  and  gradually  extends  forward  and  backward  from 
this  point,  thus  completing  the  separation  of  the  cells  in  the 
mid-dorsal  region  of  the  embryo  into  ectoderm,  mesoderm, 
and  endoderm. 

When  the  blastopore  has  nearly  closed  (Fig.  8),  a  sagittal 
section  through  the  middle  of  the  dorsal  lip  (Fig.  17)  shows 
that  the  endoderm  cells  of  the  dorsal  wall  of  the  archenteron 
(Fig,  17,  En.)  have  flattened  out  considerably,  and  that  they 
Still  contain  much  pigment,  which  is  collected  in  the  end  of 
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the  cell  bordering  the  cavity  of  the  archentcron.  Above  the 
endoderni  is  the  mesoderm  layer  (Fig.  17,  M.),  wliich  varies  in 
the  number  of  its  cells  in  different  parts  of  the  egg.  Near 
the  dorsal  lip  of  the  blastopore  the  mesoderm  sheath  consists 


of  several  layers  of  small  cells  which  arc  not  pigmented.  For- 
ward from  this  region  the  mesoderm  gradually  thins  out  until 
it  is  composed  of  only  a  single  layer  of  rounded  cells  lying 
between  the  endoderm  and  ectoderm ;  then  it  gradually 
becomes  thicker  again,  and  near  the  ventral  lip  of  the  blas- 
topore it  appears  very  much  as  it  does  near  the  dorsal  lip, 
being  composed  of  several  layers  of  cells. 

A  frontal  section  through  the  middle  of  an  egg  at  the  stage 
of  Fig.  7  shows  a  single  layer  of  mesoderm  over  the  dorsal 
region  of  the  embryo,  which  gradually  becomes  several  layers 
thick  at  the  sides  of  the  archentcron  (Fig.  19),  and  below  the 
archenteron  passes  directly  into  the  yolk  cells  of  the  lower 
part  of  the  egg.  Still  later  stages  during  the  closure  of  the 
blastopore  show  that  the  mesoderm  is  unquestionably  extended 
at  the  expen.se  of  the  yolk  cells  lying  just  beneath  the  ectoderm. 
Soon  after  the  medullary  folds  have  appeared  the  lateral  sheets 
of  mesoderm  become  fused  on  the  ventral  side  of  the  embryo; 
thus  a  continuous  sheet  of  mesoderm  is  formed  around  the 
embryo,  except  in  the  mid-dorsal  region  where  the  notochord 
has  by  this  time  been  cut  off  from  it.     The  extension  of  the 
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lateral  sheets  of  mesoderm  by  a  process  of  splitting  off  from 
the  outer  yolk  cells  has  been  noted  by  Schwink  (26)  in  Bufo 
vulgaris y  by  Scott  and  Osborn  (23)  and  by  Jordan  in  the  newt, 
and  by  Morgan  in  the  frog. 

At  the  close  of  the  blastula  stage  a  very  large  segmentation 
cavity  is  found  in  the  upper  hemisphere  of  the  ^g'g  directly 
under  the  black  pole  (Figs.  9,  11,  12).  During  the  formation 
of  the  archenteron  this  segmentation  cavity  decreases  con- 
siderably in  size,  and  is  pushed  out  of  its  position,  coming  to 
lie  below  the  archenteron  and  being  separated  from  it  by  only 
a  thin  layer  of  cells  (Fig.  16,  S.C).     During  the  closure  of 


Fig.  18.  —  Outline  of  the  entire  section  from  which  Fig.  17  was  drawn. 

the  blastopore  the  archenteron  increases  greatly  in  size,  and 
there  is  then  usually  but  a  single  layer  of  large  yolk  cells 
between  it  and  the  segmentation  cavity  (Fig.  19).  When  the 
blastopore  \%  nearly  closed,  I  have  frequently  found  eggs  in 
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which  there  appeared  to  be  a  direct  connection  between  the 
two  cavities  which  couid  not  be  due  to  poor  preservation  of 
the  material  (Fig.  iS).  It  would  seem,  therefore,  that  in  some 
cases  the  archcnteron  is  extended  at  the  expense  of  the  seg- 
mentation cavity,  as  supposed  to  be  the  case  by  Kupffcr  (12) 
and  by  Marshall. 

A  series  of  frontal  sections  through  the  embryo  at  about 
the  stage  of  Fig.  7  will  show  the  various  steps  in  the  forma- 


tion of  the  notochord.  A  section  just  in  front  of  the  dorsal 
lip  of  the  blastopore  {F'ig.  20)  shows  that  the  mesoderm  in 
this  region  forms  a  continuous  sheath  over  the  dorsal  wall 
of  the  archcnteron  and  that  it  is  composed  of  three  to  four 
layers  of  small  cells  (Fig-  20,  .]/'.).  About  eight  sections 
anterior  to  Fig.  20  there  is  a  noticeable  thickening  of  the 
mesoderm  in  the  mid-dorsal  region  (Fig.  31),  while  on  either 
side  of  this  thickening  the  mesoderm  usually  consists  of  but 
two  layers  of  cells.  More  anterior,  the  thickened  part  of  the 
mesoderm  layer  is  completely  separated  from  the  lateral  sheets 
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as  a  distinct  rounded  structure,  the  notochord  (Fig.  22,  jV.), 
For  only  a  short  distance  at  this  stage  of  development  is  the 
notochord  entirely  cut  off  from  the  mesoderm ;  beyond  there 


If  Ihc  mid-dorfiJ 


is  the  same  thickening  of  the  mid-dorsal  portion  of  the  meso- 
derm sheet  as  seen  in  Fig.  21.  In  the  head  region  of  the  embryo 
the  mesoderm  is  thinned  out  to  a  layer  one  or  two  cells  deep 
which  shows  absolutely  no  thickening  in  the  middle  and  appears 
very  much  as  in  Fig.  ig.  After  the  blastopore  has  closed,  the 
notochord  becomes  extended  forward  in  the  head  region  and 
backward  in  the  region  of  the  tail. 

Schultze,  Goette,  Lwoff,  Brauer,  Schwink,  and  Morgan  also 
believe  that  the  notochord  is  derived  from  the  mesoderm  ;  while 


other  investigators  consider  that  in  the  amphibians,  as  in  other 
vertebrates,  the  notochord  is  endodermal  in  origin.  Although 
Field  (5)  believes  that  in  Bufo  vulgaris  the  notochord   arises 
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from  the  endoderm,  in  the  nearly  related  species,  Bufo  Icntigi- 
nosiis,  the  anterior  part  of  the  notochord  is  certainly  mesodermal 
in  origin.  After  the  mesoderm  layer  has  formed,  the  endo- 
derm in  the  mid-dorsal  region  of  the  embryo  is  never  more 
than  a  single  layer  of  flattened  cells.  There  is  a  closer  con- 
nection between  the  mesoderm  and  the  endoderm  above  the 
center  of  the  archenteron  than  at  the  sides,  but  I  have  never 
found  an  egg  in  which  these  two  layers  could  not  readily  be 


distinguished  from  each  other.  The  endoderm  cells  are  always 
much  flattened  at  this  period,  and  they  invariably  contain  a 
considerable  amount  of  pigment.  The  mesoderm  cells  and 
also  the  cells  of  the  notochord  are  larger,  more  rounded,  and 
contain  but  little  pigment  in  comparison  with  the  endoderm 
cells. 

In  conclusion,  I  wish  to  express  my  thanks  to  Piof. 
T.  H.  Morgan  for  advice  and  criticism  during  the  progress 
of  my  work. 

Bhyx  Mawh  College,  Brvn  Mawr,  Pa., 
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HISTOLOGICAL   CHANGES    IN    HYDRA   VIRIDIS 

DURING    REGENERATION. 

HANNAH   TERESA   ROWLEY. 

Although  a  great  deal  of  work  has  been  done  on  the  regen- 
eration of  hydra,  no  one  has  as  yet  attempted  to  make  out  the 
histological  changes  that  take  place.  This  point  would  seem 
to  be  one  of  special  interest,  since  the  old  piece  appears  to 
change  its  form  as  a  whole  to  produce  a  new  animal.  The 
principal  question  to  which  I  wished  to  find  an  answer  was 
whether,  during  the  period  of  regeneration,  the  old  cells  go 
over  without  change  into  the  tissue  of  the  new  animal,  or 
whether  new  cells  are  formed,  and  if  so,  in  what  part  or  parts. 

Green  hydras  were  used  almost  exclusively,  since  they  regen- 
erate more  readily  and  with  fewer  abnormalities  than  does  the 
brown  species.  Hydras  of  various  lengths  were  taken,  the 
foot  end  and  circle  of  tentacles  were  cut  away,  and  the  remain- 
ing middle  parts  of  the  body  wall  were  each  divided  by  cross 
cuts  into  four  —  in  some  cases  two  —  small  rings.  These 
were  allowed  to  regenerate,  and  at  different  periods,  ranging 
from  immediately  after  the  cutting  to  some  days  after  the 
formation  of  new  tentacles  and  foot,  were  killed  in  a  solution 
of  corrosive  acetic,  hardened,  sectioned  lengthwise,  and  stained 
in  Delafield  haematoxylin.  In  some  cases  the  slides  were 
dipped  for  a  moment  into  a  weak  solution  of  picric  acid  in 
absolute  alcohol,  in  order  to  differentiate  the  endodermal 
tissue. 

Observation  of  the  living  piece  showed  that  the  ends  became 
rounded,  closing  in  from  fifteen  to  sixty  minutes  after  having 
been  cut ;  that  the  piece  then  remained  without  permanent 
change  of  form  for  thirty  or  forty  hours,  although  at  intervals 
it  might  change  its  shape  by  expanding  and  contracting.  At 
about  this  time  small  knoblike  outgrowths,  the  tentacles,  began 
to  appear  at  one  end,  the  other  end  fixed  itself  to  the  nearest 
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support,  and  in  a  few  days  the  proportions  of  a  normal  hydra 
were  assumed. 

Serious  difficulties  arose  in  the  microscopic  study  of  the 
prepared  sections,  which  it  may  be  well  to  mention.  Although 
undoubted  karyokinetic  divisions  were  seen  in  both  neuro- 
muscular and  interstitial  cells  of  the  ectoderm,  and  in  the 
endoderm,  it  was  found  almost  impossible  to  determine  the 
exact  amount  of  dividing  tissue,  for  the  following  reasons. 

Throughout  the  entire  period  of  regeneration  there  is  an 
active  production  of  new  nettle  cells,  which  are  formed  from 
interstitial  cells  of  the  ectoderm.  This  process  begins  by  a 
slight  sickle-  or  moon-shaped  thickening  of  protoplasm  along 
a  part  of  the  cell  wall.  In  certain  sections  this  thickening 
appears  as  a  small,  darkly  stained  rod  which  may  easily  be 
mistaken  for  a  small  nucleus  in  process  of  division.  Again,  in 
sectioning,  this  curved,  thickened  rod  may  be  cut  at  such  an 
angle  as  to  bring  distinctly  into  view  only  its  extremities,  pro- 
ducing the  appearance  of  two  small  groups  of  darkly  stained 
material.  These  could  be  distinguished  from  two  separating 
groups  of  chromosomes  only  by  bringing  into  focus  the  con- 
necting line  of  the  rod,  which  would  lie  slightly  above  or  below 
the  ends.  In  many  cases  it  was  found  almost  impossible  to 
determine  whether  such  a  cell  was  forming  a  cnidocyst  or  was 
dividing  karyokinetically.  These  difficulties  were  increased 
by  the  small  size  of  many  of  the  interstitial  cells,  by  the  fact 
that  the  wall  of  such  cells  is  not  sharply  defined,  and  by  the 
fact  that  at  the  time  of  the  formation  of  nettle  cells  it  is  very 
often  difficult  to  make  out  the  nuclei  of  the  changing  cells. 

Moreover,  many  nuclei  of  both  neuro-muscular  and  inter- 
stitial cells  were  found  to  be  in  a  state  that  distinctly  suggested 
activity  of  some  sort,  —  the  chromatin  mass  large  and  loose,  or 
even  in  many  interstitial  cells  broken  and  scattered  throughout 
the,  r)pcleij^;i  This  appearance  was  very  different  from  that  of 
nuclei  of  typical  resting  cells  in  the  same  section,  the  latter 
containing  one  or  two  well-defined  nucleoli.  Yet  the  large 
number  of  nuclei  with  the  chromatin  scattered  as  just  described, 
ia  sections  containing  comparatively  few  karyokinetic  spindles, 
would  seem  to  indicate  that  all  such  cells  were  not  necessarily 
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dividing.  Where  so  many  cells  were  about  to  divide  or  had 
just  completed  division,  we  should  expect  to  find  a  correspond- 
ing number  undergoing  the  actual  process.  This,  however, 
was  not  the  case. 

A  further  point  shoiild  also  be  kept  in  mind,  z/i>.,  the  possi- 
bility that  multiplication  of  the  interstitial  cells  may  be  con- 
cerned with  the  development  of  new  nematocyst  cells  rather 
than  with  the  regeneration  of  new  tissue. 

In  order  to  get  more  light  on  these  points,  the  tissue  of  a 
normal  hydra  was  examined  for  comparison  with  that  of  the 
regenerating  piece.  Another  hydra  was  irritated  with  a  blunt 
needle  in  order  to  induce  it  to  discharge  the  nettle  batteries. 
It  was  then  left  undisturbed  for  about  twenty  hours,  at  which 
time  it  was  killed  and  the  tissue  prepared  as  has  been  described. 
It  was  hoped  by  these  means  to  obtain  further  light  on  the 
difficulties  of  the  question,  and  to  be  able  to  distinguish  more 
clearly  between  the  phenomena  of  regeneration  and  those 
merely  incidental  to  the  formation  of  new  nettle  cells. 

In  the  case  of  the  stimulated  hydra,  nettle  cells  were  found 
to  be  forming  as  in  the  regenerating  pieces.  Moreover,  in  the 
tissue  of  this  hydra  and  of  the  undisturbed  normal  one  also  I 
was  surprised  to  find  undoubted  evidence  of  cell  division,  in 
addition  to  the  very  general  loose  and  broken  appearance  of 
the  chromatin  in  some  of  the  interstitial  cells,  which  has  been 
noted  as  occurring  in  the  regenerating  piece.  This  latter  con- 
dition, found  in  a  hydra  upon  which  no  operation  had  been 
performed,  made  it  still  less  possible  to  consider  such  nuclei 
as  dividing.  On  the  other  hand,  a  piece  that  had  been  regen- 
erating seven  days,  and  that  had  attained  to  the  proportions 
of  a  normal  polyp,  was  found  to  present  the  same  appearance 
under  the  microscope.  It  is  possible,  therefore,  that  the  normal 
tissue  examined  was  that  of  a  growing  hydra,  and  that  these 
conditions  are  common  to  the  regenerating  and  growing  forms, 
while  further  examination  of  the  tissue  of  fully  grown  hydras 
might  show  a  somewhat  different  state. 

While  these  latter  experiments,  therefore,  threw  little  light 
on  the  amount  of  division  in  the  regenerating  piece,  yet  the 
similarity  in  appearance  between  this  regenerating  tissue,  the 
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tissue  of  the  regenerating  piece  after  the  normal  form  had  been 
attained,  and  the  tissue  of  normal  or  growing  hydra  is  of 
importance  in  a  consideration  of  regeneration  in  this  form. 

I  shall  now  attempt  to  make  a  conservative  statement  of  the 
amount  of  dividing  tissue  in  regenerating  hydra,  based  on 
undoubted  cell  division. 

There  is  very  little  evidence  of  the  formation  of  new  tissue 
during  the  early  stages ;  an  exception  was  noted  in  one  piece 
killed  five  hours  after  the  cutting,  in  which  a  number  of  divi- 
sions were  observed  in  the  ectoderm.  Some  few  divisions  can 
be  observed  before  twenty  hours,  but  from  forty  hours  on,  — 
the  time  of  tentacle  formation,  —  the  division  is  more  active 
and  the  number  of  dividing  cells,  especially  neuro-muscular 
cells,  is  considerable.  Division  continues  after  the  tentacles 
have  begun.  Spindles  were  seen  in  endodermal  cells,  and  in 
neuro-muscular  and  interstitial  cells.  These  divisions  often 
occur  in  groups,  especially  in  the  neuro-muscular  cells.  In 
one  case  as  many  as  five  dividing  nuclei  of  neuro-muscular 
cells  were  observed  at  one  spot  in  a  section  cut  from  the  side 
of  the  piece  and  so  affording  a  surface  view  of  ectoderm  tissue 
alone.  Fewer  divisions  were  seen  in  the  endoderm  than  in  the 
ectoderm,  partly,  perhaps,  because  of  the  smaller  number  of 
cells  in  the  endoderm. 

Unlike  the  majority  of  cases  of  regeneration,  however,  the 
new  cells  are  not  formed  at  the  cut  surface  alone,  and  the  ten- 
tacles do  not  seem  to  be  regenerated  solely  from  new  tissue. 
Divisions  were  found  to  occur  as  well  at  the  sides  as  at  the 
ends  of  the  regenerating  pieces,  and  in  almost,  if  not  quite,  as 
great  number.  The  first  appearance  of  the  tentacle,  which  in 
the  living  animal  seems  to  be  brought  about  by  an  outpushing 
of  the  tissue  of  the  original  piece,  appeared  under  the  micro- 
scope to  be  due  very  often  to  contraction  in  this  region, 
causing  a  very  slight  protuberance  of  ectoderm,  which  could 
be  fully  accounted  for  by  an  outpushing  of  old  material  with- 
out the  formation  of  new  tissue.  Divisions  were  sometimes 
seen  at  this  place,  sometimes  not.  Very  frequently,  however, 
in  later  stages,  when  the  tentacle  had  grown  to  some  length, 
there  was  seen  to  be  a  group  of  neuro-muscular  cells  dividing 
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at  the  base  of  the  tentacle,  and  interstitial  cells  were  seen  to 
be  dividing  quite  rapidly  in  the  tentacle  itself.  It  would  seem, 
on  the  whole,  that  new  tissue  is  furnished  to  the  tentacle  by 
division  of  cells  at  the  proximal  end,  or  base,  rather  than  by 
division  of  cells  that  have  already  entered  into  the  new  organ. 

With  the  exception  of  the  formation  of  nettle  cells  from 
interstitial  cells,  it  is  not  found  that  cells  of  one  kind  give  rise 
to  cells  of  another,  but  that  neuro-muscular  cells  of  the  new 
hydra  result  from  neuro-muscular  cells  of  the  piece,  and  inter- 
stitial from  interstitial. 

Considering,  therefore,  that  the  first  appearance  of  the  ten- 
tacle may  be  unaccompanied  by  cell  division  in  its  immediate 
neighborhood  ;  that  cell  division,  though  frequently  found  in 
the  region  of  the  growing  tentacle,  is  not  confined  to  this 
region  but  is  found  elsewhere  throughout  the  length  of  the 
regenerating  piece ;  that  division  is  found  to  be  present  as  late 
as  seven  days  after  the  cutting,  that  is,  after  the  piece  has 
assumed  the  proportions  of  a  normal  hydra  ;  and  that  some 
division  is  observed  in  the  tissue  of  the  normal,  probably 
rapidly  growing  hydra, — we  are  justified,  I  think,  in  conclud- 
ing that  the  new  cells  which  appear  during  the  regeneration  of 
hydra  are  formed  by  division  of  the  old  cells  throughout  the 
entire  piece,  as  in  the  normally  growing  animal,  and  that  the 
tentacles  are  formed  from  old  cells  and  from  cells  that  have 
arisen  by  division  of  the  already  differentiated  cells  of  the  old 
part. 

I  am  very  much  indebted  to  Prof.  T.  H.  Morgan,  under 
whose  direction  this  work  was  carried  on. 

Bryn  Mawr,  January,  1902. 
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THE    REGENERATION    OF   THE    PHARYNX    IN 

PLANARIA  MACULATA. 

HENRIETTA    F.   THACHER. 

In  a  paper  on  Planaria  tnaculata,  published  in  1898,  Morgan 
called  attention  to  an  important  feature  of  the  regeneration  of 
the  pharynx,  namely,  that  in  regenerating  pieces  which  were 
cut  anterior  to  the  old  pharynx,  the  new  pharynx  forms  "  at 
the  edge  of  the  old  tissue,  but  lying  for  the  most  part  within 
the  new  material,"  while  if  the  cut  were  made  posterior  to  the 
pharynx  the  new  organ  forms  in  the  anterior  end  of  the  oid 
tissue.  During  the  next  two  years  there  appeared  a  number  of 
papers  describing  experiments  on  the  power  of  regeneration  in 
planarians,  but  giving  no  further  knowledge  of  the  develop- 
ment of  the  pharynx  except  that  to  be  derived  from  general 
statements  of  the  various  positions  it  may  assume  in  the  regen- 
erating pieces.  More  recently  a  paper  by  Bardeen  on  the 
physiology  of  Planaria  macidata  has  taken  up  the  formation 
of  the  pharynx  in  this  species  and  given  a  somewhat  detailed 
account  of  it. 

In  studying  the  origin  and  growth  of  the  new  pharynx,  I 
wished  to  find  out  if  there  were  any  marked  difference  between 
its  formation  in  the  new  tissue  of  the  anterior  piece  and  in  the 
old  tissue  of  the  posterior  piece,  since  the  conditions  for  regen- 
eration seemed  so  unlike  in  the  two  cases.  At  the  same  time 
I  was  interested  in  observing  in  the  posterior  pieces  what  might 
be  the  influence  of  the  reproductive  organs  when  present  in  the 
region  where  we  should  expect  the  pharynx  to  appear,  and  if, 
under  these  conditions,  the  already  existing  cavities  and  external 
opening  can  be  made  use  of.  In  this  connection  I  examined 
series  of  regenerating  posterior  pieces  in  which  the  cut  had  been 
made  (i)  just  posterior  to  the  pharynx,  but  at  a  time  of  year  when 
the  reproductive  organs  have  disappeared  ;  (2)  anterior  to  these 
organs  when  they  are  fully  developed  ;  and  {3)  posterior  to  them. 
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The  greater  part  of  the  material  for  my  experiments  was 
collected  from  ponds  near  Woods  Hole  during  the  months  of 
June,  July,  and  August,  and  was  preserved  for  study  in  the 
following  winter.  Later  in  the  year  more  planarians  were 
found  near  Bryn  Mawr,  and  were  kept  in  aquaria  until  needed. 
Each  worm  was  cut  into  three  pieces,  of  which  the  middle,  con- 
taining the  pharynx,  was  rejected,  and  the  anterior  and  posterior 
pieces  were  allowed  to  regenerate.  The  latter  were  killed  at 
intervals  of  twelve  hours  for  about  eight  days,  at  the  end  of 
which  time  those  remaining  had  begun  to  feed.  Where  it 
seemed  advisable,  series  were  killed  at  closer  intervals,  but 
as  a  rule  this  was  not  necessary.  The  pieces  remained  in  cor- 
rosive acetic  for  about  ten  minutes ;  after  cutting  they  were 
stained  on  the  slide  in  Delafield's  haematoxylin,  and  then 
dipped  for  a  few  seconds  into  a  strong  solution  of  aniline 
orange.  The  latter  differentiates  the  endoderm,  muscle  bands, 
yolk  cells,  and  the  lining  of  the  reproductive  system. 

Soon  after  the  worms  are  cut,  the  edges  of  the  cut-end 
draw  together  and  matter  from  the  digestive  tract  and  loose 
parenchyma  tissue  collect  about  the  injured  region.  Within 
a  few  hours  the  surface  opens  out  again,  until  only  a  slight 
depression  marked  by  a  dark  line  of  pigment  is  noticeable. 
In  the  mean  time  parenchyma  cells  collect  at  the  Cut  surface 
and  form  a  narrow  sheet  across  it,  while  cells  from  the  margin 
of  the  uninjured  epithelium  push  out  and  cover  the  new  growth. 
This  overgrowth  of  epithelium  is  comparatively  rapid,  as  the 
cells  in  this  region  flatten  out  and  cover  individually  a  much 
larger  area.  By  the  end  of  the  first  day  the  tip  has  become 
rounded  and  the  anterior  end  is  covered  with  an  epithelial 
layer ;  later,  with  the  increase  in  their  number,  the  flattened 
cells  resume  their  columnar  form. 

The  parenchyma  of  the  normal  planarian  appears  on  exami- 
nation as  an  ill-defined  mass  filling  in  the  spaces  between  the 
organs.  Its  protoplasm  stains  very  slightly,  but  the  tissue  is 
conspicuous  owing  to  the  many  deeply  colored  nuclei  that  are 
present  in  it.  These  nuclei  are  occasionally  seen  in  small 
groups,  but  they  arc  usually  scattered  and  separated  from  each 
other  by  the   loose   spongy   tissue.     Among   the  parenchyma 
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cells  are  found  other  cells  which  are  specialized  in  function, — 
large  rhabdite  cells,  lying  just  below  the  ectoderm  and  show- 
ing the  rhabdites  buried  in  the  protoplasm,  and  the  mucous 
cells,  staining  an  intense  blue ;  also,  along  the  digestive  tract, 
a  few  large  granular  cells  for  which  Bardeen  has  suggested  a 
digestive  function.  In  addition,  I  have  noticed  some  large 
cells  staining  with  aniline  orange,  which  seem  to  contain  some 
such  material  as  yolk.  Whether  this  is  a  fourth  kind  or  merely 
the  digestive  cells  I  have  not  been  able  to  decide.  There  are 
also  present  elongated  connective-tissue  cells. 

Although  the  majority  of  the  parenchyma  cells  show  little 
protoplasm,  scattered  through  the  tissue  of  the  normal  unin- 
jured animal  there  are  a  good  many  cells  whose  nuclei  resemble 
those  of  the  ordinary  parenchyma,  but  which  have  gathered 
about  them  an  irregular  mass  of  granular  protoplasm.  As 
many  of  these  are  in  various  stages  of  division,  while  I  have 
found  no  division  among  the  cells  with  less  protoplasm,  it  is 
probable  that  the  accretion  of  protoplasm  is  the  usual  fore- 
runner of  division  in  the  parenchyma  cells,  and  that  the  number 
of  the  latter  is  constantly  increasing  even  in  normal  planarians. 
While  the  number  of  these  dividing  cells  differs  individually, 
they  are  often  very  numerous  and  are  confined  to  no  one  region 
of  the  body,  except  that  they  are  more  rare  in  the  extreme 
tips.  The  dividing  cells  stand  out  very  distinctly  as  they  are 
larger  and  seldom  have  other  cells  near  them. 

After  the  animals  are  cut,  the  amount  of  division  increases 
somewhat  throughout  the  whole  body,  but  very  markedly  near 
the  injured  surface.  Cells  also  migrate  down  into  this  region 
and  form  there  a  thickening  which  rapidly  enlarges.  That 
migration  takes  place  is  indicated  by  the  long  trails  of  proto- 
plasm that  give  to  the  cells  a  bipolar  appearance  with  the  axes 
directed  towards  the  growing  mass  (Fig.  i),  while  in  the  normal 
planarian  there  is  no  such  effect  and  the  cells  are  more  irreg- 
ular and  rounded  in  outline.  After  the  thickening  has  reached 
a  certain  degree  of  concentration  there  is  rarely  any  cell  divi- 
sion in  the  proliferated  mass,  but  mitotic  figures  can  frequently 
be  found  in  the  region  near  by,  where  the  cell  mass  is  less 
dense.     Cells  also  continue  to  migrate  into  the  new  part  and 
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add  to  the  new  growth.  The  number  of  cells  in  the  parenchym- 
atous tissue  of  the  body  itself  is  also  usually  much  increased 
as  the  nuclei  throughout  continue  dividing,  and  by  the  time 
the  pharynx  thickening  appears,  which  is  in  the  course  of  the 
third  day,  the  tissue  is  filled  with  cells  conspicuous  on  account 
of  their  greater  amount  of  protoplasm. 

I  shall  consider  first  the  growth  of  the  pharynx  in  the  ante- 
rior piece  and  then  that  in  the  posterior  piece.  By  the  time 
the  proliferation  of  cells  in  the  regenerating  posterior  tip 
is  quite  marked,  a  slight  shift  in  the  direction  taken  by 
some  of  the  cells  denotes  the  beginning  of  the  new  pharynx. 
The  cells  now  collect  just  on  the  line  between  the  old  and  new 
tissue  at  the  posterior  end  of  the  digestive  tract,  which  has 
rounded  off,  and  usually  has  begun  to  bud  out  side  branches. 
As  is  true  of  the  growing  end,  so  here,  when  the  thickening 
becomes  marked,  no  division  of  cells  can  be  found  in  it,  but 
in  the  less  dense  tissue  around  it  there  are  many  dividing  cells 
and  apparently  considerable  cell  migration  towards  the  new 
growth.  The  collection  of  cells  stains  very  deeply  in  compari- 
son with  the  old  tissue  near  by,  due  probably  to  the  greater 
amount  of  protoplasm  in  this  region. 

The  thickening  for  the  pharynx  grows  until  it  is  quite  large, 
and  then  the  split  for  the  pharynx  chamber  begins.  This 
opens  up  very  rapidly  as  a  narrow  cavity  running  across  the 
base  of  the  thickening  and  up  on  the  sides,  being  usually 
more  advanced  on  the  ventral  than  on  the  dorsal  side.  It  is 
at  first  irregular  in  outline,  but  the  cells  along  the  edge  soon 
flatten  out  into  a  thin  lining  epithelium.  As  development 
proceeds,  cells  are  added  at  the  anterior  end  of  the  new 
pharynx,  while  there  is  no  division  in  the  compact  mass  of  cells 
already  collected  (Fig.  2).  About  the  fourth  day  the  lumen 
of  the  pharynx  itself  appears  in  the  center  of  the  proliferation, 
due  to  an  elongation  and  pulling  apart  of  cells  which  become 
larger  and  thin  walled  and  form  the  lining  of  the  pharynx. 
This  cavity  gradually  enlarges  posteriorly  to  open  into  the 
pharynx  chamber,  and  anteriorly  to  unite  with  the  wall  of 
the  digestive  tract,  which  then  breaks  through  to  join  with  it. 
The  new  region  has  in  the  mean  time  steadily  increased  in 
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length,  and  the  branches  of  the  intestine  have  pushed  back 
into  it,  while  the  central  digestive  cavity  has  also  somewhat 
enlarged.  Shortly  after  the  lining  of  the  lumen  has  formed, 
the  muscle  bands  of  the  pharynx  differentiate.  They  arise 
from  cells  just  between  the  two  epithelial  layers  ;  they  elongate 
and  undergo  some  change  in  their  constitution,  since  they 
stain  with  aniline  orange  very  shortly  after  the  lengthening 
process  has  begun.  The  change  is  first  visible  in  the  region 
where  the  pharynx  is  continuous  with  the  body  of  the  animal 
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and  extends  gradually  posteriorly.  So  far  as  I  could  deter- 
mine, the  circular  muscles  develop  before  the  longitudinal, 
but  if  so,  the  difference  in  time  is  very  slight.  In  the  course 
of  the  fifth  or  sixth  day  the  pharyngeal  chamber  opens  to  the 
exterior  by  an  ectodermal  invagination  from  the  ventral  sur- 
face, and  shortly  afterwards  the  animal  begins  to  feed. 

The  shape  and  size  of  the  pharynx  vary  comparatively  little 
after  the  inner  lumen  appears.  At  first,  before  the  formation 
of  this  cavity,  the  shape  is  slightly  pointed,  but  it  soon  becomes 
more  regular  and  assumes  the  form  of  the  norma)  pharynx, 
except  for  its  length,  which  is  only  about  once  and  a  half  or 
twice  the  breadth.     The  addition  of  cells  at  the  anterior  end 
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does  not  continue  after  the  structure  is  well  organized,  and  the 
latter  part  of  the  time  needed  for  the  regeneration  of  this 
organ  is  occupied  in  changing  the  parenchyma  cells  into  the 
different  tissues.  Up  to  the  time  when  the  muscles  appear, 
the  cells  still  remain  crowded  together  and  show  by  their  deep 
color  the  presence  of  unusually  dense  protoplasm.  After  the 
muscles  are  well  formed  the  tissue  assumes  a  less  dense  appear- 
ance, and  this  change  arises  apparently  at  the  same  time  in 
the  cells  throughout  the  new  tissue.  Deeply  staining  masses, 
as  of  mucous,  can  also  be  seen,  so  that  the  tissue  soon  resem- 
bles that  of  the  normal  worm. 

The  process  of  formation  of  a  new  pharynx  in  the  old  tissue 
of  the  posterior  piece  seems  to  be  very  similar,  and  equally 
simple  during  the  nine  months  of  the  year  when  the  repro- 
ductive organs  are  absent.  The  overgrowth  of  the  cut  sur- 
face and  the  increase  in  the  number  of  dividing  cells  is  just 
as  was  found  in  the  anterior  piece.  The  pharynx  thickening, 
however,  appears  about  twelve  hours  later  than  in  the  former 
case,  /.^.,  about  the  end  of  the  third  day,  and  is  usually  notice- 
able shortly  after  the  two  branches  of  the  digestive  tract  have 
joined.  But  that  the  pharynx  is  formed  with  relation  to  the 
**  axial  gut,"  as  Bardeen  states,  I  am  not  prepared  to  say,  as 
occasionally  a  case  is  found  in  which  the  branches  have  not 
met,  although  a  thickening  is  present,  and  often  in  a  slide 
showing  a  conspicuous  gathering  of  cells  the  union  between 
the  intestines  has  barely  taken  place.  The  pharynx  forms  a 
short  distance  posterior  to  the  cut,  in  the  old  tissue.  It  is 
first  made  visible  by  the  shifting  of  the  axes  of  some  of  the 
cells,  which  now  direct  themselves  toward  the  new  point  of 
activity,  and  the  thickening  increases  rapidly  (Fig.  3).  The 
cavities  open  up  just  as  in  the  anterior  piece,  but  the  chamber 
is  apt  to  be  much  longer  and  more  irregular  in  outline  than 
in  the  other  case.  Later  the  enlarged  cavity  rounds  off 
so  that  the  chamber  resumes  its  normal  size.  The  central 
cavity  of  the  digestive  tract  enlarges  in  a  posterior  direction, 
and  at  the  same  time  the  pharynx  thickening  is  added  to  by 
cells  at  the  anterior  end ;  thus,  by  the  time  the  pharynx  is 
ready   to    open    up,    the    original    space    between    it    and    the 
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digestive  tract  is  bridged  over  (Figs,  4,  5).  The  appearance  and 
development  of  the  lumen,  muscle  bands,  and  normal  spongy 
tissue  is  identical  with  that  in  the  anterior  pieces,  and  the 
posterior  piece  is  also  ready  to  feed  in  seven  days. 

Summing  up  these  results,  it  appears  that  the  regeneration 
of  the  pharynx  in  the  new  and  in  the  old  tissue  is  much  the 
same,  (i)  as  to  the  origin  and  migration  of  the  cells,  (2)  as  to 
the  formation  of  the  two  cavities  (the  chamber  and  the  lumen 
of  the  pharynx),  and  (3)  as  to  the  differentiation  of  the  cells 
into  the  normal  tissues.  They  differ  (i)  in  the  length  of  time 
that  elapses  before  the  pharynx  thickening  shows  itself  (about 
twelve  hours  more  being  required  for  its  appearance  in  the  old 
tissue  than  in  the  new),  (2)  in  the  position  of  the  developing 


pharynx  with  regard  to  the  central  digestive  cavity,  and  (3) 
in  the  size  of  the  pharyngeal  chamber  as  shown  by  its  early 
irregularities  in  the  posterior  piece.  The  last  two  differences 
are  probably  due  to  the  disposition  of  the  digestive  branches 
in  the  two  cases. 

In  the  early  part  of  the  summer  the  reproductive  organs  of 
this  species  are  fully  developed,  and  regeneration  under  these 
conditions  is  especially  interesting.  The  genital  apparatus  lies 
for  the  most  part  in  the  region  just  between  the  pharyngeal 
and  genital  pores,  so  that  when  an  animal  is  cut  just  posterior 
to  the  pharynx  these  organs  occupy  the  region  where  the 
new  pharynx  should  develop.  Under  these  conditions  there 
is  no  sign  of  the  growth  for  the  new  pharynx  until  towards 
the  end  of  the  fourth  day,  when  a  small  collection  of  cells  can 
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be  found  in  a  ventral  but  not  necessarily  median  position. 
Also  this  mass  is  usually  at  a  normal  distance  from  the  fused 
intestine.  Morgan  (1900)  has  noted  this  delay  in  the  forma- 
tion of  the  pharynx  when  the  worm  is  cut  anterior  to  the 
genital  pore  at  this  time  of  year  (July  2)  and  finds  about 
twelve  days  instead  of  seven  required  for  complete  regenera- 
tion. His  later  experiments,  begun  July  31,  gave  different 
results,  but  this  was  probably  due  to  the  degeneration  of  the 
reproductive  organs  between  these  two  dates,  as  he  found  that 
the  time  required  for  this  set  of  pieces  to  become  complete 
animals  was  only  seven  days. 

This  delay  may  be  due  to  the  scarcity  of  parenchyma  cells 
in  this  region,  which  is  almost  completely  filled  by  the  tissue 
of  the  genital  organs.  When  these  organs  are  fully  present 
the  parenchyma  cells  collect  as  shown  in  Fig.  6,  migrating 
principally  from  the  anterior  end  into  the  region  of  paren- 
chymatous tissue  that  lies  just  ventral  to  the  penis.  In  this 
drawing  are  shown  in  the  tissue  along  the  edge  of  the  geni- 
tal organs  certain  irregular  breaks  that  seem  to  appear  at 
the  beginning  of  the  degeneration  of  these  structures.  The 
pharynx  forms  ventral  to  such  cavities,  and  the  split  for  the 
pharynx  chamber  is  at  first  entirely  independent  of  them 
(Figs.  6,  7).  Later  the  wall  between  may  break  down,  and 
thus  greatly  enlarge  the  chamber,  but  if  so  it  is  a  secon- 
dary process ;  there  is  also  a  tendency  towards  degeneration 
in  the  thin  line  of  tissue  between  the  pharynx  and  reproduc- 
tive chambers,  as  shown  by  the  dotted  line  in  Fig.  7.  In  no 
case,  however,  does  the  old  genital  pore  become  the  new 
pharyngeal  pore. 

As  the  genital  organs  degenerate,  which  I  have  found  takes 
place  during  the  last  two  weeks  in  July  and  the  beginning 
of  August,  the  region  in  which  the  pharynx  appears  becomes 
quite  irregular..  The  only  feature  that  seems  at  all  constant  is 
the  relative  distance  between  the  cross-branch  of  the  intestine 
and  the  pharynx  thickening.  That  this  is  true  may  be  seen 
by  a  study  of  its  position  with  relation  to  that  of  the  genital 
pore.  The  main  genital  duct  opening  to  the  exterior  persists 
longer  than  any  other  part  of  these  structures,  but  its  presence 
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seems  to  have  little  or  no  influence  on  the  position  of  the  new 
pharynx.  The  latter  may  appear  far  anterior  to  it,  posterior, 
or,  as  in  Fig.  8,  it  may  assume  an  eccentric  position  and  lie  on 
the  same  level ;  in  this  case  the  duct  and  pore  are  shown  by 
dotted  lines,  as  the  pharynx  lies  about  eight  sections  to  the  side 
of  the  median  line,  i.e.,  of  the  genital  pore.  Thus  the  new 
pharynx  can  be  found  in  all  possible  positions,  and  the  varia- 
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tions,  such  as  lateral,  ventral,  and  oblique,  should  be  noted  in 
connection  with  any  hypothesis  of  the  relation  of  the  pharynx 
to  the  axial  gut. 

As  regards  the  process  of  regeneration  in  the  posterior  pieces 
of  worms  cut  behind  the  genital  pore  when  the  reproductive 
organs  were  believed  to  be  fully  developed,  the  process  of 
formation  seems  identical  with  that  which  takes  place  during 
the  absence  of  these  organs.  Consequently  there  is  no  need 
to  describe  what  takes  place. 

I  wish  to  express  my  indebtedness  to  Prof.  T.  H.  Morgan, 
under  whose  direction  this  work  has  been  done. 

Biological  I.aburatiirv,  Brv.n  Mawr  Coi.leije. 
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Further  Experiments  on  the  Regeneration 
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By 
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With  52  figures  in  text. 


Eingegangen  am  18.  April  1902. 

Some  experiments  that  I  made  two  years  ago  on  the  regenera- 
tion of  the  tail  of  certain  teleostian  fishes*)  gave  evidence  of  the 
presence  of  a  formative  factor  that  regulated  the  rate  of  growth  at 
different  levels.  The  experiments  showed  that  the  rate  of  growth 
from  an  oblique  surface  is  determined  not  by  factors  that  would 
ordinarily  be  recognized  as  physiological  ones,  but  by  certain  forma- 
tive factors.  For  instance,  when  the  tail  of  fundulus  is  cut  off  obli- 
quely the  most  rapid  growth  of  the  new  tail  is  in  the  region  that 
lies  nearest  the  base  of  the  tail,  and  from  this  region  of  maximum 
growth  the  rate  decreases  regularly  to  the  most  distal  part  of  the 
same  surface,  as  shown  here  in  Fig.  24.  Expressed  in  one  way  it 
may  be  said  that  the  rate  of  growth  is  greatest  where  most  material 
is  needed  to  complete  the  typical  form  of  the  tail.  A  better  way  of 
stating  the  result  is  that  the  rate  of  growth  in  different  regions  is 
regulated  by  the  form  assumed  by  the  new  part.  A  more  convincing 
example  of  the  same  process  is  seen  when  a  fish  with  a  bilobed  tail 
is  used.  If  the  tail  is  cut  squarely  off  the  new  material,  that  appears 
over  the  cut-surface,  begins  to  grow  faster  at  two  points  correspond- 
ing to  the  upper  and  lower  lobes  of  the  tail.  If  the  tail  is  cut  off 
obliquely,  two  regions  of  more  rapid  growth  again  develop,  one 
above  and  one  below,  but  the  latter  increases  faster  than  the  former. 


^)  Regeneration  in  Teleosts.    Archiv  f.  Entwickelungsmech.   X.    1900. 
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Its  rate  of  growth    corresponds  to  that   of  the  lobes   in  a  tiiil  cut 
across  ^). 

Since  these  experiments  bear  on  some  important  problems  of 
growth  and  of  regeneration  I  wished  to  repeat  them  on  a  larger  scale, 
and  to  extend  them  in  other  directions.  This  I  have  been  able  to  do 
during  the  past  summer  while  occupying  the  Bryn  Mawr  Table  at  the 
Marine  Laboratory  at  Woods  Holl.  Later  I  continued  the  experiments 
on  some  gold-fish  at  Bryn  Mawr. 

I. 

In  my'  former  work  on  fundulus  I  compared  the  rate  of  growth 
of  the  new  tail,  developing  from  an  oblique  surface,  with  the  rate  of 
growth  of  the  new  tails  in  other  individuals  in  which  the  tail  had 
been  cut  squarely  off,  and  found  that  the  maximum  rate  of  growth, 
which  takes  place  from  the  most  proximal  part  of  the  oblique  surface, 
corresponds  to  the  maximum  growth  from  the  cross-cut  surfaces  — 
the  rate  of  growth  over  the  latter  being  about  the  same  for  all  levels. 
Since  some  difference  was  founed  in  the  rate  of  growth  in  different 
individuals  it  seemed  desirable  to  compare  the  rates  of  growth  from 
two  cross-cut  surfaces  of  the  same  tail.  This  can  be  done  by  cutting 
off  the  tail  as  shown  in  Fig.  1.  The  new  growth  takes  place  both  from 
an  outer  (distal),  and  from  an  inner  (proximal]  cross-cut  surface,  as 
shown  in  Figs.  1,  2,  3.  This  experiment  was  carried  out  not  only  to 
determine  the  rates  of  growth  at  two  different  levels  of  the  same 
tail,  as  stated  above,  but  also  to  see  if  the  growth  over  the  outer 
cross-cut  surface  is  held  in  check  by  the  presence  of  a  regenerating 
region  at  a  more  proximal  level;  the  two  cut -surfaces  not  being 
directly  connected  except  by  the  longitudinal  cut- edge  connecting 
the  inner  ends  of  the  two  cross-cut  surfaces  2). 

In  Fig.  1  the  rate  of  growth  from  the  inner  surface  is  somewhat 
greater  than  that  over  the  outer  surface.  The  two  new  parts  are 
connected  by  a  little  new  tissue  near  the  middle  region  of  the  tail. 


1}  I  have  more  recently  repeated  this  experiment  with  Menidia  notata, 
and  have  obtained  the  same  result. 

2)  The  figures  in  the  present  paper  represent  to  better  advantage  the  form 
of  the  tail  and  its  relation  to  the  new  part,  than  do  some  of  those  in  my  former 
paper.  This  is  owing  to  a  better  method  of  keeping  the  severed  tail  ex- 
panded. After  killing  the  fish  the  tail  was  cut  off  and  pinned  oat,  folly  ex- 
panded, upon  a  floor  a  paraffine  in  a  dish  of  sea  water.  Formalin  (4%)  was 
then  poured  over  the  tail  and  it  was  later  preserved  in  the  same  solution. 
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Figs.  1—9. 
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Each  new  part  has  a  somewhat  rounded  form,  i.  e.,  the  most  rapid 
growth  is  near  the  middle.  In  Fig.  2  the  same  difference  in  the  rate 
of  growth  oyer  the  two  cut-surfaces  is  noticeable.    In  this  case  both 
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cut-surfaces  are  nearer  the  outer  end  of  the  tail.  In  Fig.  3  the  rate 
of  growth  is  more  nearly  the  same  over  the  two  cut-surfaces;  both 
cut-surfaces  are  here  nearer  the  base  of  the  tail.  These  results  may 
indicate  either  that  the  growth  from  the  distal  cut-surface  is  held  in 
check  on  account  of  the  new  growth  taking  place  at  the  inner  cut- 
surface,  or  the  growth  may  be  always  greater  near  the  base  regardless 
of  the  presence  or  absence  of  another  growing  region.  Which  of 
these  interpretations  is  the  correct  one  can  only  he  determined  by 
check  experiments  on  other  fish  in  which  the  whole  tail  is  cut  off 
at  different  levels  as  in  my  earlier  experiments.  In  the  series  to  which 
Figs.  1,  2,  3  belong  there  were  only  three  fishes  with  tails  cut  squarly 
oflF,  Figs.  4,  5  and  6.  In  Fig.  4  the  tail  had  been  cut  ofi*  (slightly 
obliquely)  near  the  outer  end,  in  Fig.  5  near  the  middle,  and  in  Fig.  6 
near  the  base.    The  growth  of  the  new  tail  is  greater  in  the  latter  case. 

This  result  seems  to  show  that  the  diflferences  in  the  rates  of 
growth  at  the  two  levels  in  Figs.  1,  2,  3  can  be  accounted  for  by 
more  rapid  growth  taking  place  from  a  more  basal  region.  In  another 
fish  the  tail  had  been  cut  ofl*  somewhat  obliquely,  as  shown  in  Fig.  10. 
Here  the  more  rapid  growth  has  been  from  the  lower  part,  but  the 
diflference  in  amount  of  new  tissue  above  and  below  is  not  sufficient 
in  this  case  (because  the  cut  is  not  very  oblique)  to  enable  as  to 
judge  whether  it  may  not  be  accounted  for  by  the  same  factors  that 
determine  the  difference  in  Figs.  4  and  5. 

In  this  same  series  two  other  tails  were  cut  off  as  shown  in 
Figs.  7  and  8.  In  these  the  outer  and  the  inner  cut-surfaces  are 
nearer  together  than  in  Figs.  1,  2,  3.  Both  cross-cuts  are  near  the 
base  of  the  tail  in  Fig.  7,  while  in  Fig.  8  they  are  further  out.  In 
both  of  these  cases  also  the  new  part  has  grown  somewhat  faster 
from  the  inner  cut-surface.  Before  commenting  on  the  meaning  of 
these  results  let  us  examine  other  series. 

In  another  series  represented  in  Figs.  12,  16,  17,  18,  19,  the 
results  are  about  the  same  as  before,  both  when  the  inner  and  outer 
cross-cut  surfaces  are  near  together,  as  in  Figs.  16  and  18,  and  when 
they  arc  further  apart  as  in  Figs.  12,  17  and  19.  There  is  moreover 
no  noticeable  difference  in  the  rate  of  growth  when  one  cut-surface 
is  longer  (from  above  downwards)  than  the  other.  In  Fig.  12  and  in 
Fig.  19  the  growth  is  about  the  same  over  both  the  inner  and  the 
outer  cross-cut  surfaces. 

From  this  evidence  there  does  not  seem  to  be  any  doubt  that 
when  two  cross-cut  surfaces  are  present  on  the  same  tail  the  new 
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part  generally  grows  somewhat  faster  from  the  inner  of  the  two  surfaces. 
Comparing  this  result  with  the  growth  when  the  whole  tail  is  cut  oflF 
squarely  the  conclusion  seems  highly  probable  that  the  difference  in 
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the  rate  of  growth  over  the  outer  and  inner  cut-snrface  of  the  same 
tail  is  due  to  the  region  of  the  cut,  and  not  to  a  regulative  influence 
of  one  region  on  the  other. 

The  (piestiou  at  once  arises  whether  this  same  diflFerence  will 
account  for  the  diiferent  rates  of  growth  at  different  points  of  an 
oblique  surface.  The  following  experiments  throw  light  on  this 
(luestion.  In  Figs.  20,  21  and  22  three  tails  are  shown  that  had 
been  cut  off  S(iuarely,  one  near  the  base  (Fig.  21),  one  near  the  middle 
(Fig.  20),  and  one  near  the  outer  end  (Fig.  22).  The  new  part  in 
about  the  same  in  all  three  cases;  rather  more,  in  fact,  in  Fig.  22. 
In  the  same  series  two  tails  were  cut  off  quite  obliquely,  Figs.  23 
and  24.  The  growth  at  the  lower  part  of  each  tail,  is  more  than 
twice  that  at  corresponding  levels  of  the  upper  part  of  the  same  tail. 
This  difference  is  much  greater  than  that  between  the  two  tails  cut 
off  squarely  at  two  levels  (Figs.  21,  22),  and  also  much  greater  than 
that  between  the  outer  and  the  inner  new  parts  in  Figs.  16,  17,  18 
and  19  which  belong  to  this  same  series.  We  are  confirmed,  there- 
fore, in  our  earlier  conclusion  that  the  rate  of  growth  from  an  oblique 
surface  cannot  be  accounted  for  by  the  distance  of  the  different 
regions  from  the  base  of  the  tail.  We  must  also  add,  however,  to 
our  former  conclasion  the  statement  that  a  somewhat  more  rapid  re- 
generation may  take  place  from  a  cross-cut  near  the  base  of  the  tail 
than  from  a  more  distal  level.  This  factor  may  also  be  present  in 
the  regeneration  from  an  oblique  surface,  but  in  addition  there  is 
also  present  a  regulative  influence  that  holds  in  check  the  regeneration 
from  the  more  distal  parts  of  the  new  tail.  In  connection  with  the 
development  of  two  new  parts  from  two  independent  and  discontinu- 
ous cross-cut  surfaces,  as  shown  in  Figs.  1,  2,  3,  7,  8,  11,  12,  16, 
17,  18,  the  question  arises  whetlier  the  new  parts  represent  halves 
of  a  single  tail  or  two  new  tails  of  smaller  size.  Attention  has  been 
called  to  the  fact  that  each  new  part  has  a  rounded  form  as  a  result 
of  more  rapid  growth  at  the  middle.  This  is  strikingly  shown  iu 
Fig.  17  and  also  in  several  of  the  other  figures.  In  a  sense  the  new 
part  is  obviously  not  a  whole  tail  since  it  contains  only  half  the 
characteristic  number  of  rays,  but  this  fact  does  not  militate  against 
the  possibility  of  the  new  part  being  a  whole  structure.  The  fish 
in  these  lots  were  not  kept  long  enough  to  show  whether  a  new 
whole  tail  would  develop  from  the  outer  and  another  from  the  inner 
cross-cut,  or  whether  each  would  become  the  half  of  a  single  tail. 
All  that  was  seen  went  to  show  that  a  single  tail  would  develop,  and 
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later  observatioiis  have  confirmed  this  conclusion  beyond  a  doubt. 
In  a  case  like  that  shown  in  Fig.  17  it  might  appear  that  a  whole 
tail  was  forming  from  the  lower  half-surface.    This  is,  however,  not 
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the  case.  Something  has  delayed  the  growth  at  the  inner  edge  hence 
the  rounded  effect.  In  regard  to  the  similar  rounding  observed  at 
the  upper  and  lower  edges,  the  eflFect  is  only  is  part  the  result  of . 
the  formative  influence  producing  the  rounded  tail  of  this  fish.  It  is 
also  to  be  observed  in  fishes  with  a  belobed  tail,  and  seems  to  be 
due  to  the  connection  of  the  new  part  with  the  old,  or  rather  to  the 
same  principle  which  determines  that  rounded  outlines  and  not 
rectangular  ones  are  produced  —  something  connected,  perhaps,  with 
the  semifluid  nature  of  organic  material. 

II. 

In  several  experiments  the  tail  was  cut  off^  as  shown  in  EMgs.  13, 
14,  15.  The  tail  was  first  cut  squarely  off^,  and  then  by  an  oblique 
cut  an  additional  part  was  removed  from  the  lower  (or  upper)  part  of 
the  tail.  The  purpose  of  the  experiment  was  to  determine  if  the  rate 
of  growth  over  the  cross-cut  surface  is  influenced  by  the  growth  over 
the  oblique  surface  —  the  two  surfaces  being  in  this  case  continuous. 
The  experiment  differs  from  that  in  which  the  tail  was  cut  off^ 
obliquely,  not  only  in  one  surface  being  in  this  case  squarely  cut  off, 
but  also  in  the  presence  of  a  sharp  angle  around  which  the  new  part 
will  be  continuous.  I  also  wished  to  determine  if  the  relative  lengths 
(dorso-ventrally)  of  the  cross  and  oblique  surfaces  have  an  influence 
on  the  result,  for,  it  seemed  not  improbable  that  a  small  oblique 
surface  might  not  be  able  to  hold  in  check  the  maximum  possible 
growth  over  a  much  larger  cross-cut  surface. 

In  Fig.  13  the  rate  of  growth  of  the  new  part  from  the  oblique 
surface,  especially  from  its  lower  edge,  is  much  greater  than  the 
growth  over  the  cross-surface.  The  length  of  the  latter  surface  is 
more  than  half  the  height  of  the  tail,  but  about  equal  in  actual 
length  to  that  of  the  oblique  cut.  In  Fig.  15  the  length  of  the  cross- 
cut surface  is  about  half  the  height  of  the  tail,  and  less  in  actual 
length  than  the  oblique  surface.  The  rate  of  growth  from  the  cross- 
surface  is  again  less  than  that  from  the  oblique  surface;  in  fact  only 
about  one-fourth  as  much.  In  Fig.  14  the  cross-surface  is  less  than 
half  the  height  of  the  tail,  and  the  new  growth  from  it  much  less 
than  that  from  the  oblique  surface.  These  cases  are  especially  in- 
structive when  compared  with  those  represented  in  Figs.  16,  17,  18 
of  the  same  series.  The  latter  figures  show  the  rate  of  growth  from  two 
cross-cut  surfaces,  one  near  the  base  of  the  tail,  and  one  near  the 
outer  end  of  the   tail.     The   growth   from  the   outer   cross-cut  of 
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Figs.  16,  17,  18  is  much  greater  than  that  from  the  cross-cut  part  of 
Figs.  13,  14,  15. 

Since  the  principal  difference  between  the  two  experiments  is  the 
continuity  of  the  new  part  in  one  case,  and  the  lack  of  continuity 
in  the  other,  it  seems  to  follow  that  in  this  lies  the  difference  in  the 
rates  of  growth  in  the  two  cases.  We  conclude,  therefore,  that  in 
Figs.  13,  14,  15  the  growth  over  the  cross-cut  surface  is  held  in 
check  owing  to  its  connection  with  the  new  part  over  the  oblique 
surface.  The  presence  of  a  sharp  angle  does  not  interfere  with  the 
action  of  one  portion  of  the  new  tail  on  the  other  portion,  and  the  results 
are  nearly  the  same  as  when  a  continuous  obVique  surface  is  present. 

A  similar  result  is  shown  in  Fig.  25  fro'n  another  series.  In 
this  case  the  cross-surface  is  about  half  the  height  of  the  tail.  In 
Fig.  26  the  cross-cut  surface  is  less  than  half  the  height  of  the  tail 
and  the  regeneration  from  its  surface  is  less  than  that  from  the  ob- 
lique surface.  In  Fig.  27,  however,  the  cross-cut  surface  is  much 
longer  than  the  oblique  surface,  and  although  there  is  still  some 
difference  in  the  amount  of  growth  from  the  two  surfaces,  the  difference 
is  less  than  in  the  preceding  case,  and  can  be  accounted  for,  perhaps, 
by  the  more  rapid  growth  from  a  more  proximal  region. 

In  three  other  cases  belonging  to  another  series,  the  tails  were 
cut  off  as  in  the  last  experiment  and  the  results  are  shown  in 
Figs.  28,  29,  30.  Owing  to  the  shortness  of  the  oblique  surface  the 
new  part  that  develops  from  it  seems  to  be  unable  to  restrain  the 
maximum  rate  of  growth  over  the  cross-cut  surface.  In  another  case 
in  this  series,  shown  in  Fig.  31,  the  oblique  surface  is  longer  than  the 
cross-cut  surface,  which  is  small,  and  we  find  that  the  amount  of 
new  growth  from  the  latter  is  relatively  less  than  in  the  preceding 
cases.  In  regard  to  these  cases  (Figs.  28,  29,  30)  I  should  hesitate 
tp  state  definitely  that  the  results  are  entirely  due  to  the  greater 
length  of  the  cross-cut  surface  in  comparison  to  the  oblique  surface, 
although  this  conclusion  seems  the  more  probable  one. 

m. 

It  was  not  until  late  in  the  summer  that  I  thought  of  the  follow- 
ing experiment,  and  I  regret  that  I  could  not  carry  it  out  more 
fully.  A  tail  of  fundulus  was  cut  off  as  shown  in  Fig.  32,  so  that 
two  oblique,  half-surfaces  are  present  (connected  by  a  longitudinal 
cut-surfiEU^e).  The  upper  end,  x,  of  the  upper  oblique  surface  is  at  the 
same  distance  from  the  base  of  the  tail  as  the  lower  end,  r  ^  of  the 
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Figs.  28—34. 
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lower  oblique  surface.  If  the  rate  of  growth  is  determined  only  by 
the  level  from  which  the  new  growth  takes  place  we  should  expect 
to  find  the  growth  at  x  and  at  y  to  be  the  same,  since  they  are 
both  at  the  same  distance  from  the  base  of  the  tail.  The  results  in 
two  cases  are  shown  in  Figs.  33  and  34.  Here  it  is  seen  that  the  rate 
of  growth  at  x  is  much  less  than  at  y.  Another  even  more  satis- 
factory case  is  represented  in  9.  Two  other  cases,  not  figured,  gave 
similar  results.  This  experiment  shows  clearly  that  other  factors 
than  the  level  at  which  the  new  part  is  forming  also  come  into  play 
in  the  formation  of  the  new  tail.  That  these  factors  are  formative 
ones  is  shown  not  only  by  these  new  results  on  fundulus,  and  the 
earlier  ones  on  fundulus,  stenopus,  macrella,  and  menticirrus,  but 
by  the  experiments  described  in  the  following  pages  on  the  re- 
generation of  the  new  tail  in  the  common  gold-fish. 

IV. 

A  striking  fact  observed  in  the  regeneration  of  tails  cut  ofi^  as 
shown  in  Figs.  11  and  17  is  that  there  is  no  regeneration  in  a  dorso- 
ventral  direction  from  the  cut-edge  that  connects  the  two  cross-surfaces. 
The  results  is  obviously  connected  with  the  absence  of  the  cut-ends 
of  fin-rays.  If  a  tail  is  cut  off*  obliquely  the  new  rays  do  turn 
somewhat  downwards  (or  upwards  as  the  case  may  be)  but  when  the 
cut  is  made  in  a  horizontal  direction,  passing  between  two  of  the  rays 
no  regeneration,  except  that  involving  the  healing  over  of  the  cut- 
surface,  takes  place. 

That  this  result  is  really  connected  with  the  absence  of  the  cut- 
ends  of  the  fin-rays,  and  is  not  a  phenomenon  of  direction,  is  shown 
by  cutting  across  the  dorsal  or  the  anal  fin.  In  the  former  case 
regeneration  takes  place  vertically  upwards,  in  the  direction  of  the 
fin-rays,  and  in  the  latter  case  vertically  downwards,  as  I  have  shown 
for  this  same  fish.  Again  of  the  pectoral  or  pelvic  fin  is  cut  off 
cross-wise,  regeneration  takes  place  from  the  cut-end,  and,  therefore, 
in  a  lateral  direction.  In  other  words  the  fish  regenerates  in  the 
three  dimensions  of  space,  and  the  direction  that  is  followed  is  deter- 
mined in  each  case  by  the  structural  relations  of  the  old  part. 

If  we  look  further  into  this  process  we  get  a  certain  insight  into 
the  meaning  of  the  phenomenon.  New  fin-rays  are  formed  only  from 
the  ends  of  preexisting  ones.  When  the  tail  —  or  any  other  fin  — 
is  cut  lengthwise  between  two  rays,  none  of  the  rays  are  exposed 
along  this  edge  and  the  edge  simply  heals  over,  or  at  most  produces 

36* 
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material  corresponding  to  that  between  two  rays.  If,  however,  a  fin- 
ray  should  grow  out  from  the  inner  cross-surface  into  the  new  ma- 
terial along  the  edge,  new  material  may  then  be.  Fig.  11,  added  along 
the  ventral  surface.  The  results  may  be  formulated  by  stating  that  the 
direction  of  regeneration  is  determined  by  the  presence  or  absence 
of  existing  structures  —  the  fin-rays  —  that  serve  as  points  of  de- 
parture for  the  new  structures.  Were  it  possible  to  split  a  ray  itself 
lengthwise  there  can  not  be  much  doubt  that  it  would  complete 
itself  along  the  cut-surface  and  having  done  so  there  would  be  no 
further  exposure  of  the  material  of  the  rays,  hence  no  further  regener- 
ation. In  this  we  find  an  explanation  of  the  absence  of  regeneration 
along  a  longitudinal  cut-surface. 

This  conclusion  has  a  bearing  on  the  results  of  Wendelstadt  *)  in 
which  one  of  the  bones  of  the  fore  arm  of  the  salamander  was  removed, 
being  disarticulated  at  both  ends.  As  could  certainly  have  been 
foreseen  the  remaining  bone  of  the  fore  arm  did  not  regenerate 
laterally  to  reproduce  the  missing  bone.  Only  a  misconception  of 
the  principles  involved  in  regeneration  could  have  lead  the  author  to 
expect  the  replacement  of  the  lost  bone  under  these  conditions. 

V. 

The  tail  of  the  gold-fish  (Carassius  auriantiacus]  has  a  bilobed  form 
and  regenerates  readily,  as  Brodssonet  first  showed  in  1786.  Owing 
to  the  bilobed  form  of  the  tail  of  this  fish  a  number  of  problems  can 
be  more  readily  worked  out  than  on  fundulus. 

The  tail  of  one  fish  was  cut  off  obliquely  as  indicated  in  Fig.  35. 
The  new  part  began  soon  to  grow  2)  faster  at  the  upper  and  the  lower 
regions  than  in  the  middle,  Fig.  35,  and  the  lower  lobe  grew  faster 
than  the  upper  one.  Figs.  35,  36.  This  result  agrees  in  all  respects 
with  my  former  one  on  stenopus  which  has  also  a  bilobed  tail 

The  tail  of  another  fish  was  cut  oflF  as  shown  in  Fig.  37.  Two 
half  cross-cuts  were  present  at  difiFercnt  levels.  The  object  of  the 
experiment  was  to  see  whether  from  each  cut-surface  a  half  tail  (with 
one  lobe)  or  a  whole  tail  with  two  lobes  would  develop.    The  new 


>)  Uber  Knochenregeneration.    Archiv  f.  mikr.  Anat.   LVIL   1901. 

^  The  figures  of  the  gold-fish  were  made  in  all  cases  from  the  living  fish, 
hence  the  same  taU  is  represented  at  consecative  periods  of  growth.  The  fish 
was  wrapped  in  wet  filter  paper  with  its  tail  projecting.  It  was  then  laid  on  the 
stage  of  a  dissecting  microscope  and  the  tail  drawn  with  the  camera.  The  fish 
was  then  returned  to  the  water. 
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Figs.  35-43. 
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part  that  appeared  on  each  cross-cut  surface  soon  began  to  grow 
faster  at  the  upper,  and  at  the  lower  side  producing  a  single  lobe  of  the 
tail.  Later,  as  shown  in  Fig.  38,  when  the  two  parts  of  the  tail  have 
extended  beyond  the  middle  of  the  old  part  the  bilobed  form  of  the 
new  tail  is  clearly  seen. 

It  is  important  to  note  that  only  after  the  more  proximal  half 
has  grown  up  to  the  level  of  the  outer  cut- edge  does  any  consider- 
able growth  take  place  from  this  region.  The  experiment  shows 
clearly  that  from  each  half  a  half-tail  develops,  although  at  first  the 
two  halves  are  not  directly  connected  except  along  the  horizontal 
edge  connecting  the  two  cross-cut  surfaces. 

The  tails  of  two  other  fishes  were  cut  off  as  shown  in  Fig.  39. 
Two  oblique  cut-surfaces  are  present  connected  along  the  middle  line 
by  the  horizontal  cut-edge.  The  formation  of  the  new  tail  is  shown 
in  Figs.  39,  40.  In  both  cases  a  half-tail  with  its  lobe  is  formed  on 
each  oblique  surface.  If  the  rates  of  growth  in  the  middle  region 
at  the  upper  end  of  the  lower  oblique  surface  and  the  lower  end  of 
the  upper  oblique  surface  are  compared,  it  will  be  seen  while  from 
the  one  very  little  new  material  is  formed,  from  the  other  a  great 
deal  is  produced.  This  difTerence  in  the  two  regions  in  question  is 
probably  not  due  to  their  relative  distance  from  the  base  of  the  tail, 
but  rather  to  a  formative  factor  holding  in  check  the  growth  from 
the  outer  region.  After  the  new  part  from  the  more  proximal  sur- 
face has  extended  outwards  to  the  end  of  the  old  part  the  region 
that  has  been  held  in  check  up  to  this  time  begins  to  elongate,  ex- 
tending backwards  until  it  reaches  its  definite  position,  Fig.  41. 

It  will  be  seen  in  this  last  experiment  that  in  one  case  at  least 
the  upper  edge  of  the  upper  half  is  at  the  same  level  as  the  lower 
edge  of  the  other  half.  Since,  however,  in  this  fish  the  new  lobes 
are  produced  from  these  two  regions  the  experiment  cannot  be  used 
to  illustrate  the  same  points  as  in  the  case  of  fundulus. 

The  tail  of  another  fish  was  cut  off  as  shown  in  Fig.  42.  The 
tail  was  split  lengthwise  between  two  fin-rays  along  a  line  a  little 
above  the  angle  of  the  tail.  Then  by  a  cross-cut  the  larger  portion 
was  cut  squarely  off.  In  this  case  the  exposed  cross-cut  surface  is 
somewhat  more  than  half  the  height  of  the  tail.  The  object  of  the 
experiment  was  to  determine  how  much  of  the  new  tail  develops 
from  this  cut-surface.  As  shown  in  Fig.  42  more  than  a  half-tail  was 
produced  from  the  cut-surface.  It  finally  grow  out  completing  the 
part  of  the  old  tail  that  remained,  Fig.  43.  A  similar  result  is  shown  in 
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Fig.  44,  in  which  the  notch  is  even  more  clearly  seen.    In  this  case 
the  tip  of  the  remaining  old  part  was  also  cut  off  and  has  regenerated. 

In  another  case,  Fig.  45,  a  tail  was  split  lengthwise  below  the 
fork  of  the  tail  and  then  by  a  cross-cut  the  smaller,  lower  portion 
was  remowed.  The  operation  was  carried  out  in  order  to  see  if 
less  than  a  half-tail  would  develop  from  the  small  cross-cut.  The 
result  is  shown  in  Figs.  45,  46.  The  new  part  is  less  than  a  half- 
tail  and  represents  little  more  than  the  lobe  of  the  tail. 

In  the  foregoing  experiments  the  absence  of  regeneration  along 
the  horizontal  cut-surface  is  very  noticeable. 

In  two  other  cases,  after  an  operation  similar  to  that  of  Fig.  37, 
the  longitudinal  cut-surface  was  extended  into  the  basal  part  of  the 
tail  along  the  dotted  line.  By  severing  in  this  way  the  connection 
between  the  lower  part  (with  its  cross-cut  surface)  and  the  upper 
part  I  hoped  to  find  out  whether  a  whole  tail  or  only,  as  before,  a  half 
tail  would  appear  on  the  lower  cross-surface.  I  found  that  the  se- 
parated parts  grew  together,  and  although  I  separated  them  three  or 
four  times  at  intervals  of  several  days  the  longitudinal  cut- edges 
persisted  in  fusing  together.  A  half  tail  developed  from  each  cut- 
surface  as  in  the  other  cases  in  which  the  upper  and  lower  parts  of 
the  tail  had  not  been  separated. 

These  experiments  on  the  gold-fish  show  convincingly  that  half- 
structures  and  incomplete  structures  develop  from  half  cross-cut  sur- 
faces or  from  surfaces  more  or  less  than  half,  and  it  seems  probable 
from  the  last  experiment  that  this  would  occur  even  if  the  halves 
or  parts  were  completely  separated  from  each  other.  The  explanation 
of  this  lies  largely  no  doubt  in  the  influence  of  the  old  part  along 
the  cut-edge  on  the  new  part.  It  seems  to  me  improbable,  in  the 
light  of  these  results,  that  the  presence  of  the  old  part  beyond  the 
cnt-Burface,  i.  e.  the  old  part  completing  the  rest  of  the  tail,  has  any 
important  influence  on  the  results  and  probably  no  influence  at  all. 

Another  experiment  which  is  in  many  respects  complementary  to 
one  of  the  last,  consists  in  cutting  off  the  tail  as  indicated  in  Fig.  47. 
The  tail  is  first  cut  squarly  ofi",  then  a  longitudinal  cut  is  made  below 
the  middle  of  the  tail  and  the  lower  piece  cut  squarely  off  at  the 
base.  The  outer,  longer  cross-cut  surface  is  more  than  half  the  height 
of  the  tail.  Will  it  produce  a  correspondmg  part  of  the  tail  with  a 
part  only  of  the  lower  lobe  or  a  whole  tail?  In  the  simplest  case, 
like  that  shown  in  Figs.  47,  48,  49,  the  new  part  that  develops  on 
the  outer  cut-surface  is  more  than  half,  but  not  a  whole  tail  since 
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part  that  appeared  on  each  cross-cut  surface  soon  began  to  grow 
faster  at  the  upper,  and  at  the  lower  side  producing  a  single  lobe  of  the 
tail.  Later,  as  shown  in  Fig.  38,  when  the  two  parts  of  the  tail  have 
extended  beyond  the  middle  of  the  old  part  the  bilobed  form  of  the 
new  tail  is  clearly  seen. 

It  is  important  to  note  that  only  after  the  more  proximal  half 
has  grown  up  to  the  level  of  the  outer  cut- edge  does  any  consider- 
able growth  take  place  from  this  region.  The  experiment  shows 
clearly  that  from  each  half  a  half-tail  develops,  although  at  first  the 
two  halves  are  not  directly  connected  except  along  the  horizontal 
edge  connecting  the  two  cross-cut  surfaces. 

The  tails  of  two  other  fishes  were  cut  off  as  shown  in  Fig.  39. 
Two  oblique  cut-surfaces  are  present  connected  along  the  middle  line 
by  the  horizontal  cut-edge.  The  formation  of  the  new  tail  is  shown 
in  Figs.  39,  40.  In  both  cases  a  half-tail  with  its  lobe  is  formed  on 
each  oblique  surface.  If  the  rates  of  growth  in  the  middle  region 
at  the  upper  end  of  the  lower  oblique  surface  and  the  lower  end  of 
the  upper  oblique  surface  are  compared,  it  will  be  seen  while  from 
the  one  very  little  new  material  is  formed,  from  the  other  a  great 
deal  is  produced.  This  difference  in  the  two  regions  in  question  is 
probably  not  due  to  their  relative  distance  from  the  base  of  the  tail, 
but  rather  to  a  formative  factor  holding  in  check  the  growth  from 
the  outer  region.  After  the  new  part  from  the  more  proximal  sur- 
face has  extended  outwards  to  the  end  of  the  old  part  the  region 
that  has  been  held  in  check  up  to  this  time  begins  to  elongate,  ex- 
tending backwards  until  it  reaches  its  definite  position,  Fig.  41. 

It  will  be  seen  in  this  last  experiment  that  in  one  case  at  least 
the  upper  edge  of  the  upper  half  is  at  the  same  level  as  the  lower 
edge  of  the  other  half.  Since,  however,  in  this  fish  the  new  lobes 
are  produced  from  these  two  regions  the  experiment  cannot  be  used 
to  illustrate  the  same  points  as  in  the  case  of  fundulus. 

The  tail  of  another  fish  was  cut  off  as  shown  in  Fig.  42.  The 
tail  was  split  lengthwise  between  two  fin-rays  along  a  line  a  little 
above  the  angle  of  the  tail.  Then  by  a  cross-cut  the  larger  portion 
was  cut  squarely  off.  In  this  case  the  exposed  cross-cut  surface  is 
somewhat  more  than  half  the  height  of  the  tail.  The  object  of  the 
experiment  was  to  determine  how  much  of  the  new  tail  develops 
from  this  cut-surface.  As  shown  in  Fig.  42  more  than  a  half-tail  was 
produced  from  the  cut-surface.  It  finally  grow  out  completing  the 
part  of  the  old  tail  that  remained,  Fig.  43.  A  similar  result  is  shown  in 
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Fig.  44y  in  which  the  notch  is  even  more  clearly  seen.    In  this  case 
the  tip  of  the  remaining  old  part  was  also  cat  oif  and  has  regenerated. 

In  another  case,  Fig.  45,  a  tail  was  split  lengthwise  below  the 
fork  of  the  tail  and  then  by  a  cross-cut  the  smaller,  lower  portion 
was  remowed.  The  operation  was  carried  out  in  order  to  see  if 
less  than  a  half-tail  would  develop  from  the  small  cross-cut.  The 
result  is  shown  in  Figs.  45,  46.  The  new  part  is  less  than  a  half- 
tail  and  represents  little  more  than  the  lobe  of  the  tail. 

In  the  foregoing  experiments  the  absence  of  regeneration  along 
the  horizontal  cut-surface  is  very  noticeable. 

In  two  other  cases,  after  an  operation  similar  to  that  of  Fig.  37, 
the  longitudinal  cut-surface  was  extended  into  the  basal  part  of  the 
tail  along  the  dotted  line.  By  severing  in  this  way  the  connection 
between  the  lower  part  (with  its  cross-cut  surface)  and  the  upper 
part  I  hoped  to  find  out  whether  a  whole  tail  or  only,  as  before,  a  half 
tail  would  appear  on  the  lower  cross-surface.  I  found  that  the  se- 
parated parts  grew  together,  and  although  I  separated  them  three  or 
four  times  at  intervals  of  several  days  the  longitudinal  cut- edges 
persisted  in  fusing  together.  A  half  tail  developed  from  each  cut- 
surface  as  in  the  other  cases  in  which  the  upper  and  lower  parts  of 
the  tail  had  not  been  separated. 

These  experiments  on  the  gold-fish  show  convincingly  that  half- 
structures  and  incomplete  structures  develop  from  half  cross-cut  sur- 
faces or  from  surfaces  more  or  less  than  half,  and  it  seems  probable 
from  the  last  experiment  that  this  would  occur  even  if  the  halves 
or  parts  were  completely  separated  from  each  other.  The  explanation 
of  this  lies  largely  no  doubt  in  the  influence  of  the  old  part  along 
the  cut-edge  on  the  new  part.  It  seems  to  me  improbable,  in  the 
light  of  these  results,  that  the  presence  of  the  old  part  beyond  the 
cut-surface,  i.  e.  the  old  part  completing  the  rest  of  the  tail,  has  any 
important  influence  on  the  results  and  probably  no  influence  at  all. 

Another  experiment  which  is  in  many  respects  complementary  to 
one  of  the  last,  consists  in  cutting  ofi*  the  tail  as  indicated  in  Fig.  47. 
The  tail  is  first  cut  squarly  off,  then  a  longitudinal  cut  is  made  below 
the  middle  of  the  tail  and  the  lower  piece  cut  squarely  off  at  the 
base.  The  outer,  longer  cross-cut  surface  is  more  than  half  the  height 
of  the  tail.  Will  it  produce  a  corresponding  part  of  the  tail  with  a 
part  only  of  the  lower  lobe  or  a  whole  tail?  In  the  simplest  case, 
like  that  shown  in  Figs.  47,  48,  49,  the  new  part  that  develops  on 
the  outer  cut-surface  is  more  than  half,  but  not  a  whole  tail  since 
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the  notch  is  not  in  the  middle  bat  nearer  the  lower  end.  What  we 
mast  regard  as  the  rest  of  the  lower  lobe  is  developing  on  the  smaller 
proximal  ent-surface. 

Figs.  44-62. 


It  can  be  shown  that  there  is  in  this  experiment  at  least  one 
other  factor  that  has  an  influence  on  the  lower  end  of  the  new  part 
developing  from  the  enter  cnt-snrface.  The  connection  of  this  part 
with  the  new  tissue  along  the  longitudinal  (horizontal)  cut-edge  in- 
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bibits  the  growtb  to  a  greater  or  less  extent  of  the  iDCompIete  lobe 
of  this  region.  The  influence  may  be  of  a  formative  nature  in  the 
sense  that  it  is  the  result  of  the  connection  with  the  new  tissue  form- 
ing on  the  inner  cut-surface,  or  the  influence  may  be  of  a  different, 
or  physical  nature,  and  simply  be  the  outcome  of  the  nearness  of  this 
region  to  a  longitudinal  edge  along  which  new  tissue  is  developing 
but  only  to  a  limited  extend.  I  have  at  present  no  means  of  deciding 
between  these  alternative.  One  thing,  however,  seems  fairly  esta- 
blished, viz.,  that  unless  the  longitudinal  cut  is  made  some  little 
distance  below  the  level  of  the  notch  of  the  tail  the  part  of  the  lobe 
does  not  appear.  This  result  is  shown  in  Figs.  50,  51.  In  this  case  >) 
the  part  of  the  lobe  is  prevented  from  developing  until  the  new  part 
from  the  inner,  shorter  cross-cut  surface  has  reached  the  level  of  this 
region.    As  it  grows  beyond  it  the  missing  part  is  restored. 

These  experiments  on  the  gold-fish  leave  little  doubt  that  the 
development,  from  a  surface  less  than  the  whole,  is  incomplete,  i.  e. 
a  whole  structure  never  develops  from  a  part  of  the  old  structure. 

VI. 

A  number  of  experiments  were  made  on  the  tail  of  a  fresh 
water  sun-fish.  The  tail  regenerates  as  readily  as  do  those  of  all 
the  other  fishes  that  I  have  examined.  The  result  of  one  experiment 
is  shown  in  Fig.  52.  In  this  case  the  tail  had  been  cut  off  in  the 
same  way  as  that  of  the  gold-fish  of  Fig.  42.  The  cross-cut  surface 
is  longer  than  half  the  height  of  the  tail,  and  has  produced  more 
than  a  half  structure.  The  fin-rays  that  run  to  the  notch  of  the  new 
tail  come  from  the  cut-ends  of  the  old  middle  rays.  The  rays  in 
the  new  part  above  and  below  this  level  come  from  the  cut-ends  of 
the  old  ones  in  corresponding  portions.  The  more  rapid  development 
along  the  horizontal  cut-edge  is  due  to  the  extension  into  this  region 
of  the  new  rays  from  the  cross-cut  surface,  and  not  to  new  material 
from  the  longitudinal  cut-edge. 

VII. 

During  the  winter  '00 — '01  I  carried  out  a  few  experiments  on 
the  tails  of  gold-fish  to  determine  the  relation  between  the  black 
pigment  that  is  present  in  some  fish  in  the  old  and  in  the  new  tail. 
Taking  a  fish  with  a  narrow  black  band  at  the  most  posterior  edge, 


1)  There  were  12  fin-rays  in  the  upper  part  and  8  in  the  lower. 
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I  cat  the  tail  off  some  distance  proximal  to  this  band.  The  new  part 
arose,  therefore,  from  a  non-pigmented  part  of  the  old  tail.  Never- 
theless the  new  tail  developed  a  new  pigment  band  after  it  had  grown  to 
a  certain  length.  In  another  case  the  tail  was  cut  off  through  the  black 
band  itself,  and  here,  as  might  have  been  anticipated,  the  black  pigment 
appeared  in  the  new  part.  I  found  also  that  if  a  tail  that  has  no  black 
pigment  in  it  is  cut  off  the  new  tail  does  not  develop  black  pigment 

Results  similar  to  these  were  also  observed  in  several  of  the 
experiments  on  gold-fish  described  in  the  preceding  pages.  The  re- 
sult shows  that  the  pigmentation  of  the  tail  is  an  individual  cha- 
racter, which  is  restored  during  regeneration,  even  when  the  entire 
pigmented  region  has  been  cut  off.  The  new  material  arises  in  this 
case  from  a  part  of  the  tail  that  is  not  pigmented  and  which  does 
not  itself  subsequently  produce  pigment.  In  one  or  two  cases  I  ob- 
served that  the  pigmentation  of  the  new  part  differed  in  certain 
details  from  that  of  the  old,  but  as  a  rule  the  same  sort  of  pigment- 
ation —  whether  bands  or  spots  —  comes  back. 

I  had  hoped  to  be  able  to  repeat  this  experiment  on  fish  in 
which  definite  specific  markings,  such  as  an  eye-like  speck  is  present, 
but  as  yet  I  have  not  obtained  the  necessary  material.  The  bearing 
of  the  experiment. is  obvious,  since  in  general  it  is  found  that  struc- 
tural features  are  only  regenerated  when  some  substratum  remains 
composed  of  material  similar  to  that  in  the  organ  to  be  regenerated. 
When,  for  instance,  the  leg  of  a  salamander  is  cut  off  the  foot 
develops  from  the  proximal  cut  surface  provided  the  latter  contains 
the  different  elements  —  bones,  muscles,  blood-vessels,  nerves,  skin,  etc. 
—  of  which  the  foot  also  is  composed.  If,  however,  the  entire  leg 
is  cut  out  —  disarticulated  —  a  new  limb  does  not  regenerate.  In 
case  of  pigment  markings  it  may  appear  at  first  sight  that  the  re- 
moval of  the  entire  pigmented  part  —  as  the  band  at  the  end  of  the 
tail  —  would  correspond  to  the  removal  of  the  entire  limb  of  the 
amphibian,  but  this  may  not  be  the  case,  since  the  presence  of  pig- 
ment-cells throughout  the  tail  may  supply  the  necessary  elements  for 
the  formation  of  a  new  pigmented  region. 

MIL 
The  earliest  mention  of  regeneration  in  fishes  that  I  have  been 
able  to  discover  is  a  paper  of  Broussonet  *)  written  in  1786.  In  this 


<)  Observations  sur  la  r^g^n^ration  de  qnelques  parties  da  corps  des  Poissons. 
Hist,  de  I'Acad.  Roy.  des  Sciences.    1786. 
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he  States  that  he  examined  the  power  of  regeneration  in  many  kinds 
of  fishes,  and  at  different  times  of  year,  and  found  that  the  fins 
•reproduce  themselves*  by  slow  degrees.  He  found  that  regeneration 
takes  place  most  quickly  in  young  fishes,  and  in  some  species  of 
fish  better  than  in  others ;  also  that  the  fins  of  the  gold-fish  —  Pois- 
sons  dor^s  de  la  Chine  —  would  regenerate,  and  that  after  three 
months  the  new  rays  could  be  distinguished,  and  after  eight  months  the 
*  right  fin<,  which  had  been  cut  off  in  one  case  had  become  as  large  as 
the  left  one.  The  ventral  fin  also  regenerated  as  well  as  the  caudal 
fin  after  oblique  or  transverse  cuts. 

Broussoxet  makes  the  following  statement  that  shows  that  he 
accepted  Bonnet's  view  of  a  connection  between  liability  to  injury 
and  the  power  to  regenerate:  >Y'ai  remarque  que  les  nageoires  se 
reparoient  d'ordinaire  plus  ou  moins  promptement  suivant  qu'ellcs 
6toient  plus  ou  moins  utiles  k  Tanimal*.  Spallanzani  he  says  made 
similar  observations  on  earthworms.  As  evidence  in  favor  of  his  state- 
ment Broussonet  points  out  that  the  caudal  fin  which  is  the  most 
useful  of  all  the  fins  regenerates  faster  than  the  ventral  or  the 
pectoral,  and  that  the  lateral  regenerate  better  than  do  those  of  the 
back.    In  the  latter  the  rays  appear  only  after  eight  months. 

In  order  that  the  fin  may  regenerate  it  is  necessary  to  leave  a 
part  of  the  >osselets«.  If  these  are  destroyed  new  fins  are  not  pro- 
duced as  is  shown  when  the  dorsal  fin  together  with  a  portion  of 
the  back  is  cut  off.  A  suture  is  formed  at  the  wound,  but  not  a 
new  fin.  Broussonet  records  that  he  had  seen  quite  a  large  fish, 
which  had  lost  not  only  the  tail  but  also  a  part  of  the  body  lying 
behind  the  anus,  remain  alive  for  several  years.  He  also  states  that 
if  the  tail  of  a  fish  is  split  lengthwise  between  the  rays  the  two 
parts  unite  subsequently. 

Mazza  *)  published  in  1890  a  short  account  of  the  regeneration 
of  the  caudal  fin  in  certain  fish.  He  does  not  seem  to  have  known 
of  Broussonet's  results.  In  fact,  these  seem  to  have  been  lost  sight 
of  almost  altogether  in  recent  times.  I  did  not  know  of  them  when 
I  wrote  my  first  paper,  and  in  the  literature  given  by  Barfurth  no 
mention  is  made  of  Broussonet,  or  of  his  work.  Nussbaum  and 
Sidoriak'}  also  seem  to  have  overlooked  this  early  paper. 


^)  Sulla  ringenerazione  della  pinna  caudale  in  alconi  Pesci.     Atti  Soc. 
Ligost.  Sc.  Nat   I.  1890. 

2}  Archiv  f.  Entwickelungsmech.   X.    1890. 
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Mazza  having  found  a  fish  with  an  abnormal  fin  thought  that 
this  might  have  been  dae  to  incomplete  regeneration.  Therefore  he  set 
to  work  to  find  out  if  the  tail  of  fishes  possess  the  power  of  regener- 
ation. He  cat  o£r  a  part  of  the  tail  of  the  gold-fish  (Carassios  au- 
ratas)  and  fonnd  that  regeneration  took  place.  A  short  account  of 
the  histological  condition  of  the  new  tail  is  given. 

A  recent  paper  ^)  by  Josep  Nussbaum  and  Szymon  Sidoriak 
gives  an  account  of  the  regeneration  of  the  tissues  of  young  brook 
trout.  The  fish  were  operated  on  a  day  after  hatching.  The  tail-end 
was  cut  squarely  off.  In  some  individuals  only  the  tail-fin  was  cut 
off,  in  others  a  larger  part  of  the  posterior  end,  the  cut  passing 
posterior  to  the  anal  opening,  and  in  others  the  cut  was  made  in  front 
of  the  anus.  The  closing  of  the  wounded  surface  by  ectoderm,  and 
the  later  multiplication  of  cells  in  the  chorda,  muscles,  connective  tissue 
and  nerve  cord,  is  described  in  detail.  In  the  experiment  in  which 
the  cut  had  been  made  in  front  of  the  anus  a  new  posterior  opening 
is  established  as  well  as  a  new  opening  for  the  urethra.  The  young 
fish  died  as  a  result  of  the  growth  of  parasitic  moulds  before  the 
replacement  of  the  lost  part  had  taken  place. 


Summary. 

1)  When  two  half  cross-cuts  are  made  on  the  same  tail  of  Fundulus, 
as  in  Figs.  1,  2,  3,  4,  5,  the  new  part  grows  somewhat  faster 
from  the  more  proximal  half.  This  difference  appears  not  to  be  due 
to  any  regulative  influence  of  the  two  new  parts  on  each  other. 
The  difference  in  the  rate  of  growth  of  the  two  half-surfaces  is  much 
less  than  that  between  the  outer  and  inner  parts  of  a  oblique  surface, 
Fig.  23.  In  the  latter  case  these  is  a  regulative  (formative)  influence 
which  holds  in  check  the  growth  of  the  new  tissue  in  the  outer  parts 
of  the  oblique  surface. 

2)  When  the  tail  is  cut  off  both  by  a  cross-cut  and  an  oblique 
cut,  as  shown  in  Figs.  13,  14,  29,  we  must  distinguish  three  different 
cases,  a],  b),  c).  a]  When  cut  off,  as  in  Fig.  13,  so  that  the  cross- 
cut and  the  oblique-cut  are  of  equal  length,  the  new  part  that  arises 
from  the  oblique  surface  has  a  regulative  effect  on  the  rate  of  growth 
of  the  new  part  arising  from  the  cross-cut-surface;  b)  when  cut  off, 
as  in  Fig.  14,  so  that  the  oblique  surface  is  longer  than  the  cross- 


1)  Archiv  f.  Entwickelangsmech.   X.    1900. 
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cnt-Burfaee  a  similar  regnlatiye  inflnence  is  observed;  e}  bat  when 
the  oblique  cat  is  shorter  than  the  cross-cat-sarface,  as  in  Fig.  29, 
the  new  part  arising  from  the  former  does  not  appear  to  be  able  to 
hold  in  check  the  growth  from  the  cross-cnt  sarface. 

3)  When  the  end  of  the  tail  of  Fandalas  is  cat  off  by  two 
obliqae  cats,  as  shown  in  Fig.  32,  so  that  the  upper  cut-edge  of  the 
apper  obliqae  sarface  is  at  the  same  level  as  the  lower  cut-edge  of 
the  lower  obliqae  sarface,  the  new  part  grows  out  as  shown  in  Figs.  33 
and  34.  The  rate  of  growth  from  the  upper  cut-edge  of  the  upper 
obliqae  sarface  is  much  less  than  that  from  the  lower  cut-edge  of 
the  lower  oblique  surface,  although  these  two  edges  are  the  same 
distance  from  the  base  of  the  tail.  The  result  is  unquestionably  due 
to  a  regulative  influence  of  the  new  parts  developing  on  the  two 
oblique  surfaces.  If  the  experiment  is  reversed  in  respect  to  dorsal 
and  ventral  surfaces  the  results  are  the  same. 

4)  The  rounding  of  the  new  half-part  that  sometimes  occurs,  as 
in  Figs.  11  and  17  is  not  to  be  interpreted  as  the  development  of  a 
whole  tail  from  a  half  cut-surface,  but  is  the  result  of  some  check 
on  the  growth  along  the  longitudinal  cut-surface  which  unites  the 
two  cross-cuts. 

5)  Regeneration  of  new  parts  always  takes  place  lengthwise  in 
the  direction  of  the  fin  rays,  and  practically  no  new  part  at  all  is 
formed  along  the  cut-edge  of  a  longitudinal  cut-surface,  Fig.  11. 

6)  The  regeneration  of  the  bilobed  tail  of  the  gold-fish,  Carassius 
aorantiacus,  is  similar  to  that  of  Stenopus  chrysops  which  has  a  tail 
of  the  same  form.  The  rate  of  growth  from  an  obliqae  cut  is  shown 
in  Figs.  35,  36.  The  more  rapid  rate  of  growth  of  the  lower  lobe 
is  evident  The  method  of  regeneration  after  two  cross-cuts,  and  after 
two  obliqae  cuts,  is  shown  in  Figs.  37 — 41. 

7}  When  somewhat  more  than  the  half  of  the  tail  is  cut  off  by  a 
cross-cut,  as  in  Fig.  43,  the  new  part  grows  more  slowly  in  the 
structural  middle  region  of  the  new  tail,  so  that  the  bilobed  form  is 
ultimately  restored.  If  a  piece  less  than  half  the  height  of  the  tail 
is  cut  off,  as  in  Fig.  45,  the  lobe  only  of  the  tail  grows  out,  Fig.  46. 

8)  If  two  cross-cuts  are  made,  as  in  Fig.  47,  so  that  one  of 
them  is  longer  than  half  the  height  of  the  tail,  the  new  part  that 
developes  on  this  surface  grows  more  slowly  in  the  structural  middle 
of  the  taU,  so  that  an  upper  lobe  is  formed,  and  a  part  of  the 
lower  lobe.  The  rest  of  the  lower  lobe  develops  on  the  shorter 
cross-cut  sarface.     There  is  a  regulative  influence  (or  else  an  in- 
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flnence  of  some  other  sort)  that  partially  keeps  in  check  the  growth 
of  the  part  of  the  lower  lobe  developing  on  the  longer  cross-cut- 
snrface. 

9)  The  results  show  that  an  incomplete  structure,  and  not  a 
whole  one  develops  from  a  cross-surface  less  than  the  entire  height 
of  the  tail. 

10)  If  the  tail  of  a  gold-fish,  having  a  black  band  (or  splotches) 
at  the  end,  is  cut  off  so  that  the  entire  band  is  removed  a  new  black 
band  appears  on  the  new  tail.  The  presence  of  a  part  of  the  old 
band  is  not  necessary  in  order  that  a  new  one  shall  be  formed. 


Zusammenfassung. 

1)  Macht  man  (vgl.  Fig.  1—3)  zwei  Querschnitte  halb  durch  den  Schwanz 
von  Fundulus,  bo  entwickelt  sich  der  neugebildete  Theil  etwaa  rascher  auf 
der  mehr  proximalen  Halfte.  Diese  Verschiedenheit  scheint  nicht  auf  einen 
gegenseitigen  regnlirenden  Einflnss  der  beiden  neuen  Theile  auf  einander  za 
berohen.  Die  Wackstlinmsverschiedenheit  zwischen  den  beiden  Schnitthalften 
ist  viel  geringer,  als  die  zwischen  den  inneren  und  auGeren  Theilen  eines  Schrag- 
schnittes  (Fig.  23).  Im  letzteren  Falle  besteht  ein  regulirender  (formativer  £in- 
flass,  welcher  das  Wachsthum  an  den  auGeren  Theilen  der  schragen  Schnitt- 
flache  hemmt 

2)  Wird  der  Schwanz  (wie  in  Fig.  13,  14,  29),  gleichzeitig  durch  einen 
qneren  und  einen  schragen  Schnitt  abgetrennt,  so  mUssen  wir  drei  verschiedene 
Falle  (a,  b,  c)  unterschciden:  a.  Wird  der  Trennungsschnitt  (wie  in  Fig.  13)  so 
gefiihrt,  dass  Quer-  nnd  Schragschnitt  gleiche  Liinge  haben,  so  hat  die  sich  yon 
der  schragen  Schnittflache  aus  erhebende  Neubildung  einen  regnlirenden  Ein- 
flnss auf  das  Ma6  des  Wachsthums  der  Neubildung  an  der  Querschnittflache ; 
b.  Wird  (wie  in  Fig.  14)  durch  die  SchnittfUhrung  die  Schragschnittflache  langer 
gemacht  als  die  Querschnittflache,  so  sieht  man  einen  ahnlichen  regnlirenden 
Einflnss.  c.  Ist  jedoch  (wie  in  Fig.  29),  der  Schragschnitt  kUrzer  als  der  Quer- 
schnitt,  so  scheint  die  von  ersterem  sich  erhebende  Neubildung  nicht  im  Stande 
zu  sein,  den  vom  Querschnitt  ansgehenden  Wachsthumsprocess  in  Schranken 
zu  halten. 

3)  Wird  das  Schwanzende  von  Fundulus  (wie  in  Fig.  32)  durch  zwei  Schwg- 
schnitte  abgetrennt,  so  dass  die  obere  Ecke  des  oberen  Schragschnittes  mit  der 
unteren  des  unteren  sich  in  gleichem  Niveau  befindet,  so  erfolgt  das  Wachsthum 
der  Neubildung,  wie  in  Fig.  33  und  34.  Der  Wachsthumsbetrag  an  der  Ober- 
ecke  ist  dabei  viel  geringer,  als  der  an  der  Unterecke,  obwohl  beide  von  der 
Basis  des  Schwanzes  gleich  weit  cntfemt  sind.  Es  liegt  dies  unzweifelhaft  an 
einem  regnlirenden  gegenseitigen  Einflnss  der  NeubUdungen  an  den  beiden  Schriig- 
schnittflachen.  Kehrt  man  den  Versnch  in  Bezug  auf  Riicken-  und  Bauchflache 
um,  so  bleibt  das  Resultat  dasselbe. 

4)  Die  Abrundung  der  neuen  Halfte,  die  bisweilen  eintritt  (Fig.  11  und  17), 
darf  nicht  als  die  Bildung  eines  ganzen  Schwanzes  seitens  einer  halben  Schnitt- 
fliiche  gedeutet  werden,  sondem  als  der  Ausdruck  eines  Wachsthumshindemisses 
im  Verlaufe  des  Langsschnittes,. welcher  die  beiden  Querschnitte  verbindet 
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5}  Die  Bildong  der  nenen  Theile  findet  stets  in  Langsrichtung,  in  der  der 
Flossenstmhlen  statt  and  in  Wirklichkeit  entsteht  nicht  die  geringste  Neubildnng 
entlang  dem  Wnndrande  einer  LangsschnittflHche. 

6)  Die  Regeneration  des  zweitheiligen  Schwanzes  vom  Goldfisch  [Carassius 
anrantiacns)  ist  der  des  Schwanzes  von  Stenopus  chrysops  iihnlich,  welcher  einen 
Schwanz  von  gleicher  Form  bcsitzt  Den  Wachsthumsbetrag  von  einem  Schrag- 
schnitt  ans  zeigen  Fig.  35  und  36.  Der  schnellere  Wachsthumsfortschritt  des 
nnteren  Lappens  ist  deatlich.  Die  Art  der  Regeneration  nach  zwei  Quer-  bezw. 
zwei  SchrUgschnitten  zeigen  Fig.  37 — 41. 

7)  Wenn  Einiges  mehr  als  die  Halfte  des  Schwanzes  entfemt  durch  einen 
Qnerschnitt  wird  [wie  in  Fig.  43),  so  wachst  die  Neubildnng  in  der  Struktur- 
mitte  des  neuen  Schwanzes  langsamer,  so  dass  die  zweilappige  Schwanzform 
schlieGlich  wieder  hergestellt  wird.  Wird  ein  StUck  von  weniger  als  der  halben 
HGhe  des  Schwanzes  abgeschnitten,  wie  in  Fig.  45,  so  wachst  nur  der  Schwanz- 
lappen  aus. 

8)  Werden  zwei  Querschnitte  angelegt  (wie  in  Fig.  47),  so  dass  der  eine 
durch  mehr  als  die  halbe  H(5he  des  Schwanzes  reicht,  so  wachst  die  an  dieser 
Schnittflache  sich  entwickelnde  Neubildnng  langsamer  in  der  Strukturmitte  des 
Schwanzes,  so  dass  der  obere  und  ein  Theil  des  unteren  Lappens  hier 
entsteht  Der  Rest  des  Unterlappens  entsteht  an  der  Flache  des  anderen  kiir- 
zeren  Querschnittes.  Auch  hier  tritt  ein  regulirender  (oder  sonst  wie  gearteter) 
Einfluss  auf,  der  das  Wachsthum  des  dem  Unterlappen  entsprechenden  Theiles 
bei  der  Entwickelnng  an  der  liingeren  QuerschnittflHche  beschrUnkt. 

9)  Die  Versuchsergebnisse  zeigen,  dass  nur  eine  unvollstandige,  keine  gauze 
Bildung  sich  von  einer  Querschnittfliiche  entwickelt,  die  weniger  als  die  gauze 
SchwanzhOhe  betragt 

10)  Schneidet  man  einem  Goldfisch  mit  am  Ende  schwarz  gebandertem 
Schwanz  diesen  so  ab,  dass  das  gauze  Band  verloren  geht,  so  erscheint  auf 
dem  neuen  Schwanze  ein  neues  schwarzes  Band.  Das  Ubrigbleiben  eines  Theiles 
des  alten  Bandes  ist  ftir  die  Regeneration  eines  neuen  nicht  erforderlich. 
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My  study  of  the  regeueration  of  the  earthworm,  Allolobophora 
foetida,  began  in  the  spring  of  1892.  The  results  of  this  work,  ex- 
tending through  the  winter  of  1893 — 94  were  published  in  the  Quart- 
erly Journal  of  Microscopical  Science,  XXXVII.    1895. 

During  the  winters  of  1895 — 96  and  '96— '97  I  carried  out  some 
further  experiments  which  were  described  in  Roux's  Archiv.  V.  1897. 
Since  then  I  have  carried  on,  during  each  collegiate  year,  additional 
experiments  extending  over  the  four  years  between  1898  — 1902. 
Two  of  the  principal  results,  that  I  have  obtained,  have  been  briefly 
described,  the  one  in  the  Anatomischer  Anzeiger.  XV.  1899,  and  the 
other  in  my  book  on  » Regeneration «  1901.  page  53.  The  following 
pages  give  a  complete  account  of  the  experiments  of  the  last  four 
years. 

Removal  of  a  Piece  of  the  Mid-ventral  Wall  Containing 

the  Nervous  System. 

This  experiment  was  first  carried  out  on  Oct.  13  '99.  My  object 
was  to  see  what  would  happen  if  the  nervous  system,  which  other 
results  had  indicated  acts  as  a  center  for  the  formation  of  the  new 
part,  is  removed  from  the  anterior  cross-cut  surface.  Will  a  new 
head  be  formed,  I  asked  myself,  and  if  so  will  it  have  a  nervous 
system  not  connected  at  first  with  the  old  one?    And  further,  will 
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a  new  head  develop  from  the  mid-veDtral  region  where  the  old 
nervous  system  ends? 

The  worms  were  anaesthetized  with  ether,  and  the  anterior  five 
or  six  segments  were  cut  squarely  off.  Then  the  blade  of  a  pair  of 
small  oculist's  scissors  was  pushed  into  the  body  cavity,  just  on  one 
side  of  the  mid- ventral  line,  and  a  cut  made.  A  similar  cut  was 
then  made  on  the  other  side  of  the  mid-ventral  line.  The  small 
mid-ventral  piece  of  the  ventral  wall,  with  its  part  of  the  nerve-cord, 
was  cut  off  by  a  cross-cut^),  Fig.  33.  In  the  first  experiments  the 
longitudinal  edges  of  the  cut  were  not  drawn  together  after  the 
operation,  but  I  found  that  they  often  flared  open,  and  the  anterior 
end  of  the  worm  sloughed  off.  Sometimes,  however,  the  sides  united 
and  good  results  were  obtained. 

In  all  later  operations  one  or  two  (if  the  cut  was  long)  stitches 
were  made  along  the  open  part,  and  the  walls  drawn  together 
by  tying  the  threads.  Under  these  conditions  the  anterior  part  less 
often  died. 

Not  infrequently  new  tissue  appears  along  the  mid-ventral  line, 
and  a  head  slowly  develops  at  or  near  the  anterior  cross-cut  surface. 
This  most  often  happens  where  the  piece  of  the  ventral  wall  that  is 
removed  extends  only  over  two  or  three  segments 2).  When  the  piece 
is  longer  the  results  are  often  diflferent,  and  most  of  the  following 
cases  are  the  outcome  of  this  kind  of  operation. 

Case  I.  Fig.  1.  In  this  case  the  ventral  wound  has  closed  and 
no  regeneration  has  taken  place  from  the  anterior  end  of  the  worm. 
At  the  posterior  end  of  the  healed,  ventral  surface,  where  the  cut- 
end  of  the  old  nerve  cord  lies,  a  papilla-like  outgrowth  is  present 
(better  seen  in  side  view).  Sections  show  that  the  new  part  is  a 
head  having  a  small  brain  and  ^connectives  that  unite  ventrally 
into  a  cord  which  is  continuous  with  the  anterior  end  of  the  old 
nerve-cord  of  the  worm.  A  mouth  opening  leads  into  a  tube  which 
enlarges  as  it  extends  into  the  old  part.  From  this  enlargement  a 
narrow  tube  runs  forward  in  the  anterior  end  of  the  old  part  to 
become  continuous  there  with  the  old  digestive  tract,  of  which,  no 
doubt,  it  was  a  part.  The  old  digestive  tract  continues  beyond  this 
for  a  short  distance  to  end  blindly  at  the  anterior  end  of  the  old  part. 


^)  The  appearance  of  the  worm  after  the  operation  is  also  given  in  Fig.  26 
in  my  book  on  >Regeneration«. 

2)  In  such  cases  the  ventral  nerve-cord  is  also  regenerated  and  the  new 
head  at  the  anterior  end  arises  in  connection  with  the  anterior  end  of  the  new  cord. 
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Case  2.  Fig.  2.  In  this  worm  also  there  is  an  outgrowth  on 
the  ventral  side  near  the  anterior  end.  It  is  obviously  a  head.  It 
lies  at  the  proximal  end  of  the  healed  over,  ventral  surface.  Sections 
show  that  the  outgrowth  arises  near  the  anterior  end  of  the  old 
nerve-cord,  from  one  side  of  which  a  nerve-cord  runs  into  the  ventral 
part  of  the  new  head,  Fig.  21.  This  cord  divides  on  each  side  of 
the  oesophagus,  and  the  two  branches  unite  dorsally  with  a  small 
brain.  The  mouth  leads  into  a  short  buccal  tube  and  this  into  a 
well  marked  pharynx  with  a  dorsal  muscular  wall  (in  which  the  brain 
is  imedded).  Behind  this  a  short  oesophagus  opens  into  the  side 
of  the  old  one.  This  occurs  a  little  posterior  to  the  level  of  this 
section  (Fig.  21).  The  old  oesophagus  runs  forward  to  the  anterior 
end  of  the  old  part  where  it  ends  blindly.  The  old  nerve-cord  extends 
only  slightly  in  front  of  the  level  at  which  the  nerve  to  the  new 
part  is  given  off.  The  extension  is  due  to  new  material  which  spreads 
out  irregularly.  The  cord  ends,  however,  almost  immediately  after 
giving  off  the  lateral  cord  to  the  new  part. 

Case  3.  Fig.  3.  In  the  mid-ventral  line  there  is  a  broad  area 
of  new  tissue  from  the  middle  of  which  a  rounded  protuberance 
arises.  There  is  also  at  the  anterior  end  a  small  projection  of  new 
material.  Sections  show  that  the  latter  is  only  the  new  tissue  cover- 
ing the  anterior  end  of  the  old  digestive  tract.  There  is  nothing  to 
indicate  that  it  is  a  head.  The  more  posterior  projection  from  the 
ventral  nerface  is  more  conspicuous.  The  old  nerve-cord  ends  just 
behind  it,  but  I  cannot  find  any  evidence  that  it  extends  into  the 
projection.  The  old  digestive  tract  runs  past  this  region  to  end 
blindly  near  the  anterior  projection. 

Case  4.  Fig.  4.  This  case  is  different  from  the  preceding  cases 
in  as  much  as  there  is  a  new  head  at  the  anterior  end,  composed  of 
3  or  4  new  segments.  In  addition  there  is  a  smaller  outgrowth  further 
back  at  the  posterior  end  of  the  new  ventral  tissue.  It  lies  some- 
what to  one  side.  Sections  show  that  the  operation  had  failed  of  its 
main  purpose  since  the  piece  removed  from  the  ventral  region  had 
been  cut  off  somewhat  obliquely,  as  indicated  in  the  diagram,  Fig.  35. 
In  consequence  a  small  piece  of  the  old  nervous  system  was  left  at 
the  anterior  end,  and  in  connection  with  this  the  new  anterior  head 
has  developed.  The  posterior  outgrowth  has  arisen  in  connection 
with  the  other  anterior  cut-end  of  the  old  nerve  cord. 

In  the  anterior  head  a  ventral  cord  and  brain  is  present  as  well 
as  a  pharynx  connecting  with  the  end  of  the  old  oesophagus.    The 
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posterior  ontgrowth  has  no  distal  opening.  It  contains  a  relatively 
large  nerve  cord  which  rounds  up  at  its  anterior  end  as  though 
forming  a  brain,  but,  in  the  absence  of  a  digestive  tract,  the  brain, 
the  connectives  and  the  ventral  cord  are  all  one  mass.  The  body 
wall  of  this  ontgrowth  is  made  up  of  ectoderm,  circular  and  longitu- 
dinal muscles.  There  is  a  central  cavity  traversed  by  fibrous  strands. 
A  few  setae  and  seta-sacs  are  present  in  the  wall.  The  nervous 
system  joins  the  anterior  end  of  the  main  ventral  cord.  The  old 
digestive  tract  —  the  oesophagus  —  runs  by  the  region  of  this  out- 
growth without  sending  a  branch  into  the  new  part 

Case  5.  Fig.  5.  The  anterior  end  has  bent  over  somewhat. 
The  only  outgrowth  is  the  one  near  the  posterior  end  of  the  new 
tissue  on  the  ventral  side.  The  sections  show  that  a  mouth  is  present 
in  the  new  part  and  that  there  is  a  pharynx  which  connects  with 
the  old  gizzard  on  the  ventral  side.  The  old  digestive  tract  extends 
forward  into  the  anterior  part,  and  there  terminates  blindly.  The 
old  nerve  cord  does  not  extend  further  forward  than  the  new  head. 
The  head  contains  a  brain,  connectives  and  ventral  cord  which 
connects  with  the  anterior  end  of  the  old  cord. 

Case  6.  Fig.  6.  This  worm  is  particularly  interesting  since 
the  new  part,  that  arises  at  the  posterior  end  of  the  new  area,  is  quite 
a  long  distance  from  the  anterior  end.  Sections  show  that  the  new 
projection  is  a  head  with  mouth,  pharynx,  brain,  connectives.  The 
anterior  end  of  the  old  nerve-cord  grows  out  into  the  new  part  to 
form  its  ventral  side.  Behind  the  new  pharynx  there  is  a  short 
oesophagus  which  joins  one  side  of  the  old  gizzard.  The  old  di- 
gestive tract  extends  forward  to  the  anterior  end  where  it  terminates 
blindly. 

Case  7.  Fig.  7.  The  anterior  cut-end  has  formed  a  new  head, 
somewhat  on  the  ventral  side.  In  addition  there  is  another  new 
ontgrowth  at  the  anterior  end  more  on  the  dorsal  side  which  sections 
show.  Fig.  23,  is  also  a  head.  The  larger  and  more  ventral  head 
has  a  brain,  connectives,  and  ventral  cord  connecting  with  the  anterior 
end  of  the  old  nerve-cord.  It  has  also  a  mouth,  pharynx  and  oeso- 
phagus connecting  with  the  old  digestive  tract. 

The  more  dorsal  outgrowth,  Fig.  23,  has  also  a  mouth  leading 
into  a  buccal  tube,  and  this  into  a  pharynx  which  connects  with  an 
oesophagus  and  the  latter  opens  into  a  dorsal  branch  of  the  old  oeso- 
phagas.  In  this  dorsal  head  there  is  a  brain  with  connectives  uniting 
below  the  buccal  tube  with  a  short  ventral  cord,  or  piece  of  a  cord, 
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This  is  quite  unconnected  with  the  old  cord  or  with  any  part  of  the 
nervous  system  in  the  ventral  head. 

How  can  we  explain  the  presence  of  two  new  heads  with 
mouths,  etc.,  each  connecting  with  the  old  digestive  tract?  The  most 
probable  explanation  is  that  a  piece  of  the  old  ventral  cord  was  left 
accidentally  near  the  anterior  cut-end,  and  around  this  as  a  center 
the  dorsal  head  has  developed.  The  other,  the  ventral  head,  has 
developed  in  connection  with  the  anterior  end  of  the  old  ventral 
cord. 

Case  8.  Fig.  8.  In  this  worm  the  new  outgrowth  is  not  far 
from  the  anterior  end.  Sections  show  a  new  head  has  developed  with 
a  mouth,  opening  into  a  dilated  oesophagus  (or  pharynx)  which 
connects  with  the  anterior  end  of  the  old  digestive  tract.  The  latter 
extends  somewhat  beyond  the  new  head,  but  its  anterior  ends  bends 
over  to  become  continuous  with  the  new  digestive  tract.  A  brain,  etc., 
is  present  in  the  new  head. 

Case  9.  Fig.  9.  In  this  worm  a  peculiar  outgrowth  is  present 
at  the  anterior  end.  It  arises  somewhat  on  the  ventral  side,  but  the 
absence  of  a  new  ventral  area  indicates  that  the  old  anterior  end 
has  degenerated  down  to  the  level  of  the  present  anterior  end.  Sections 
show  that  a  large  mouth  lies  below  the  new  outgrowth.  The  mouth 
leads  into  a  new  buccal  tube  and  pharynx,  and  the  latter  opens  into 
the  old  oesophagus.  A  part  of  the  old  oesophagus  runs  forward  as 
a  branch  dorsal  to  the  new  pharynx.  A  brain  lies  above  the  new 
pharynx  just  anterior  to  the  region  where  the  dorsal  part  of  the  old 
oesophagus  ends. 

Case  10.  Fig.  10.  The  relation  of  the  parts  is  clearly  seen  in 
the  figure.  From  the  posterior  end  of  the  new  ventral  area  an  out- 
growtli  having  four  rings  is  present.  It  has  a  prostomial-like  tip  at 
the  end.  No  new  part  has  arisen  from  the  anterior  end  of  the  old 
worm.  Sections  show,  Fig.  25,  that  the  old  nerve-cord  extends  into 
the  new  outgrowth,  filling  up  almost  all  its  hollow  interior.  At  the 
anterior  end  it  turns  up  sharply  and  a  more  dorsal  projection  appears 
to  represent  a  brain.  The  ectoderm  at  the  anterior  end  dips  in  for 
a  short  distance  to  form  a  stomodoeum.  The  inturning  takes  place 
beneath  the  prostomial-like  tip.  The  old  digestive  tract  runs  past 
the  region  from  which  the  new  structure  arises,  and  ends  blindly  in 
the  new  tissue  at  the  anterior  end  of  the  old  part.  This  new  tissue, 
as  shown  in  Fig.  10,  projects  slightly  outwards.  It  shows,  however, 
no  indications  of  forming  another  new  head. 
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Case  11.  Fig.  11.  In  this  case  a  small,  but  long  outgrowth 
arises  from  the  posterior  end  of  the  new  ventral  area.  It  is  composed 
of  rings,  and  has  a  terminal  unsegmented  piece.  In  addition  there 
is  a  projection  of  new  tissue  at  the  anterior  end.  In  surface  view 
this  showed  faint  indications  of  having  a  constricting  dividing  it  into 
two  rings  (?)  Sections  show  that  this  anterior  projection  in  only  a 
collection  of  new  tissue  around  the  anterior  end  of  the  old  digestive 
tract.  It  is  not  so  prominent  as  appears  in  the  surface  view.  It 
does  not  appear  to  be  a  new  head.  The  other,  the  posterior  out- 
growth with  its  five  or  six  segments  does  not  arise  immediately  fropi 
the  anterior  end  of  the  old  nerve-cord,  but  the  latter  extends  forward 
for  a  short  distance  as  a  new  cord,  and  then  turns  sharply  outwards 
to  enter  the  new  part.  It  lies,  within  the  body-wall  and  fills  up  a 
relatively  large  part  of  the  central  cavity,  Fig.  22.  At  its  anterior 
end  it  appears  to  enlarge,  although  on  account  of  the  obliquity  of  the 
sections  in  this  region,  it  is  difficult  to  be  certain  on  this  point.  The 
body  wall  is  composed  of  the  characteristic  layers.  Setae  seem  to 
be  absent.    There  is  no  stomodoeal  ingrowth  at  the  free  end. 

Case  12.  Fig.  12.  An  outgrowth  of  four  or  five  rings  with  a 
prostomial-like  tip  grows  out  of  the  ventral  side  near,  but  not  at  the 
anterior  end  of  the  worm.  The  worm  was  cut  into  sections,  so  that 
those  of  the  new  part  were  cross-sections.  A  wide  mouth  opens 
beneath  the  prostomium,  this  leads  into  a  tube  flattened  from  above 
downwards,  above  whicli  lies  a  well  developed  brain,  Fig.  24.  This 
connects  by  its  connectives  around  tlie  digestive  tract  with  a  ventral 
cord.  Farther  back  a  well-formed  pharynx  is  present  with  a  thick 
dorsal  muscular  wall.  Where  the  new  part  arises  from  the  worm, 
both  the  ventral  nerve-cord  and  the  pharynx  extend  over  into  the 
new  part,  the  one  to  become  continuous  with  the  anterior  end  of  the 
old  cord;  the  other  with  the  old  digestive  tract,  whose  anterior  end 
is  continuous  with  the  digestive  tract  of  the  new  part. 

Case  13.  Fig.  13.  This  worm  is  similar  in  many  ways  to  the 
last.  A  ventral  outgrowth  of  three  rings  is  present  near  the  anterior 
end.  Sections  show  that  a  mouth  is  present  at  the  end  of  the  new 
part  which  leads  to  a  buccal  tube,  and  this  to  a  new  pharynx  which 
lies  partly  in  the  new,  partly  in  the  body  of  the  old  worm.  The 
nervous  system  hardly  extends  at  all  into  the  new  part,  since  it 
bifurcates  at  its  end  and  sends  a  pair  of  commissures  around  the 
pharynx  to  a  large  brain  imbedded  in  the  muscles  of  the  upper  side 
of  the  pharynx. 
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Case  14.  Fig.  14.  There  is  a  long  anterior  old  part  of  at  least 
six  segments,  without  a  new  head  at  its  anterior  end.  About  the 
level  of  the  seventh  segment  a  ventral  outgrowth  is  seen  with  a 
terminal  opening.  Sections  show  that  this  is  a  head  with  mouth, 
buccal  tube,  brain,  commissures  and  ventral  cord.  The  buccal  cavity 
connects  with  a  small  tube  that  runs  forward  almost  to  the  anterior 
end  to  connect  there  with  the  old  digestive  tract  There  is  also 
present  in  this  anterior  end  a  part  of  the  old  digestive  tract  ending 
blindly  except  for  the  connection  with  the  tube  just  mentioned. 

Case  15.  Fig.  15.  In  this  case  also  there  is  a  long  anterior 
part  of  the  old  worm  of  about  six  segments  which  is  closed  and  has 
produced  no  new  structures  at  its  anterior  end.  The  new  outgrowth 
arises  from  the  seventh  segment  and  from  the  top  of  a  bulging  part 
of  the  ventral  wall.  Sections  show  that  the  piece  of  the  ventral 
wall  had  been  removed  somewhat  obliquely,  so  that,  as  in  Fig.  35, 
a  part  of  the  mid-ventral  wall  with  its  piece  of  the  old  nerve  cord 
was  left  at  the  anterior  end.  Despite  this  a  new  head  did  not  arise 
from  this  end,  but  it  must  be  remembered  that  even  when  a  worm 
is  simply  cut  across  a  new  head  may  sometimes  fail  to  develop. 
The  old  digestive  tract  also  extends  into  this  anterior  part  The  new 
head  arises  in  connection  with  the  anterior  end  of  the  proximal,  or 
main  part  of  the  old  nerve-cord.  The  head  contains  a  large  ventral 
cord  ending  abruptly  in  front.  There  is  no  digestive  tract  in  the 
new  part.  A  slight  ingrowth  of  cells  at  the  free  end  may  represent 
a  stomodoeum.  Setae  arc  present  in  two  of  the  proximal  segments. 
Blood  vessels  extend  from  the  old  into  the  new  part.  There  are  no 
nephridia  present 

In  a  few  cases  a  different  sort  of  operation  was  performed, 
Fig.  34.  After  cutting  off  five  or  six  of  the  anterior  segments  a 
split  was  made  along  the  ventral  line  (a  little  to  one  side)  and  from  the 
posterior  end  of  this  cut  a  piece  of  the  ventral-wall  was  cut  out  with 
its  piece  of  the  ventral  cord.  Fig.  34.  The  object  of  this  experiment 
was  to  discover  whether  a  head  would  arise  at  the  anterior  cut-surface, 
and  another  at  the  posterior  end  of  the  injured  ventral  region.  At 
both  points  an  anterior  cut-end  of  the  nerve  cord  is  present  In 
most  cases  a  head  formed  only  at  the  anterior  cut-surface,  but  in 
several  cases  a  head  appeared  also  at  the  posterior  level. 

Case  16.  Fig.  16.  A  new  head  of  three  segments  grew  out 
at  the  anterior  end.  Another  outgrowth  with. a  central  opening 
appeared  five  segments  back  in  the  new  ventral  tissue.     Sections 
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show  that  the  anterior  head  has  all  the  characteristic  head-strnctares. 
The  anterior  piece  of  the  old  ventral  cord  comes  to  an  end  posteriorly 
where  the  piece  of  the  ventral  wall  had  been  cut  out.  At  the  posterior 
end  of  the  latter  region  and,  therefore,  at  the  anterior  end  of  the 
posterior  part  of  the  old  nerve-cord  the  second  outgrowth  arises.  It 
represents  a  head  also,  with  ventral  cord,  commissures,  brain,  and  with 
mouth,  buccal  tube  and  pharynx  just  within  the  old  part.  The  old 
digestive  tract  has,  therefore,  two  communications  with  the  exterior 
—  one  in  each  head.    There  are  also  two  brains  etc.,  present. 

Case  17.  Fig.  17.  In  this  case  a  new  anterior  end  appeared, 
but  there. was  no  new  outgrowth  from  the  injured  ventral  region. 
In  healing  one  the  two  sides  of  the  ventral  area  united  very  irregularly, 
as  shown  in  the  figure. 

Case  18.  Fig.  18.  There  is  in  this  worm  no  new  part  at  the 
anterior  end  except  a  small  rounded  projection  in  the  middle  of  the 
new  part.  At  the  posterior  end  of  the  new  ventral  area  an  outgrowth 
having  three  or  four  segments  is  present.  It  has  a  curiously  shaped 
end.  Sections  show  that  although  a  piece  of  the  old  cord  is  left  in  the 
anterior  part  a  new  head  has  not  developed  from  its  anterior  end. 
The  digestive  tract  is  also  present  in  this  anterior  part. 

The  posterior  outgrowth  arises  at  the  anterior  cut-end  of  the  old 
cord.  It  seems  to  be  a  head,  but  there  is  no  brain  or  brain-like 
enlargement  of  the  end  of  the  cord  and  no  stomodoeum.  The  digestive 
tract  docs  not  extend  into  this  outgrowth. 

In  the  earlier  experiments  a  number  of  worms  were  operated 
upon  in  the  same  way  as  in  cases  1—15,  but  at  the  posterior  end. 
None  of  them  gave  satisfactory  results,  because  the  segments  from 
which  the  ventral  piece  had  been  removed  constricted  off  and  re- 
generation began  further  forward.  It  was,  in  fact,  only  after  several 
unsuccessful  attempts  of  this  sort  that  I  turned  my  attention  to  the 
anterior  end  where  the  body  wall  is  more  resistant. 

In  a  few  other  cases  the  small  piece  of  the  ventral  wall,  con- 
taining the  nerve  cord  on  its  inner  surface,  was  not  cut  off.  Operations 
of  this  sort  were  made  both  at  the  anterior  and  at  the  posterior 
end,  but  no  results  of  interest  were  obtained,  because  the  small  piece 
either  sloughed  oflF,  or  more  often  reunited  with  the  ventral  region  from 
which  it  had  come.  In  none  of  these  experiments  did  I  sew  together 
the  sides  of  the  cuts.  Had  I  done  this  the  results  might  liave  been 
different.  If  the  experiment  succeeded  it  would  be  interesting  to  see 
if  a  new  head  (or  tail)  would  regenerate  from  the  end  of  the  small 
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piece.     I  shall  in   the    future   repeat   this  experiment  on  a  larger 
scale. 

Summary  and  General  Conclusions. 

The  influence  of  the  nervous  system.  The  results  recorded 
in  the  preceding  pages  show  that  unless  the  cut-end  of  the  nervous 
system  is  present  at  the  cut-end  of  the  worm  a  new  head  does  not 
regenerate.  This  result,  taken  in  connection  with  those  from  oblique 
cuts,  shows  unmistakably  that  the  cut-end  of  the  nervous  system  is 
the  center  around  which  the  new  part  regenerates.  Each  of  the 
diflferent  kinds  of  tissue  can  no  doubt  regenerate  its  like  without  the 
presence  of  the  nervous  system,  but  that  the  new  tissues  shall  become 
organized  into  a  new  whole  structure  the  presence  of  the  nervous 
system  is  requisite.  This  conclusion  may  have  nothing  to  do  with 
the  function  of  the  nervous  system  as  a  center  of  nervous  influences, 
but  may,  as  other  experiments  which  I  am  having  carried  on  seem 
to  show,  depend  simply  on  its  structural  importance,  as  one  of  a 
group  of  organs  that  go  to  make  up  a  new  part. 

An  equally  important  conclusion  is  that  a  new  part  composed  of 
a  head  and  of  a  number  of  segments  may  be  formed  without  there 
being  a  digestive  tract  in  the  part.  Under  these  conditions  while  the 
stomodoeal  invagination  may  be  formed,  yet  it  does  not  develop  very 
far,  and  does  not  produce  the  missing  parts  of  the  digestive  tract. 
Although  the  new  part  lacks  a  digestive  tract,  the  body  wall  is  per- 
fectly formed  and  contains  the  same  layers  as  does  the  wall  of  the 
normal  worm.  The  layers  are  continuous  with  those  of  the  old  part. 
Setae  may  develop,  but  they  are  few  and  not  regularly  arranged. 
Nephridia  and  septa  appear  to  be  absent.  The  irregular  bands  or 
threads  in  the  central  cavity  may  represent  septal  structures. 

The  absence  of  the  nephridia  is  difficult  to  explain  and  then: 
absence  in  some  cases  can  hardly  be  accounted  for  by  the  new  seg- 
ments being  these  immediatly  behind  the  new  head,  since  a  sufficient 
number  of  segments  is  sometimes  present  to  lead  one  to  expect  the 
formation  of  nephridia  in  them.  I  shall  hope  to  gain  some  insight 
into  this  result  by  carrying  out  similar  operations  on  the  posterior 
end  of  anterior  pieces  of  worms.  The  absence  of  septa  may  account 
for  the  result. 

In  the  absence  of  a  digestive  tract  it  is  not  surprising  that  com- 
missures and  brain  are  not  well  differentiated  at  the  anterior  end  of 
the  new  head,  for  there  arc  no  structures  present  around  which  the 
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commissures  could  form.  The  enlargement  and  dorsal  extension  of 
the  nervous  system  that  was  observed  in  a  few  cases  appear  to 
represent  an  attempt  to  produce  these  structures. 

Whether  the  presence  or  the  absence  of  a  digestive  tract  in  the 
new  part  depends  upon  whether  or  not  the  old  digestive  tract  was 
injured  on  its  ventral  side  can  only  be  determined  by  further  ex- 
periments. That  it  may  be  injured  is  certain;  that  it  is  sometimes 
not  injured,  or  at  least  not  cut,  I  can  also  state  to  be  true. 

The  relatively  large  size  of  the  nerve-cord  in  the  anenteric  forms 
is  very  conspicuous.  The  ventral  side  of  the  new  part  seems  to  be 
determined  by  that  side  into  which  the  nerve-cord  extends  and  this 
is  the  region  nearest  the  cut-end  of  the  old  cord. 

Blood  vessels  although  present  are  not  in  most  cases  conspicu- 
ously developed. 

Those  cases  in  which,  as  in  Fig.  34,  a  piece  of  the  old  nerve- 
cord  is  present  anterior  to  the  region  from  which  the  ventral  piece 
of  the  body  wall  is  removed  show  that  it  is  not  necessary  in  order 
to  produce  a  new  head  to  have  a  continuous  nerve-cord,  but  a  piece 
of  one  will  suffice.  The  anomalous  case,  described  as  case  7,  can 
easily  be  explained  as  due  to  the  presence  of  a  small  piece  of  the 
ventral  cord  left  accidentally  at  the  anterior  end.  Also  the  exceptional 
case,  described  as  case  4,  is  undoubtedly  due  to  this  same  factor. 
The  sections  show,  in  fact,  the  piece  of  the  old  ventral  cord  that  was 
left.  Theoretically  as  many  new  heads  would  develop  in  a  worm 
as  there  are  anterior  exposures  of  the  nerve-cord. 

It  is  interesting  to  find  that  a  new  nerve-cord  does  not  develop 
along  the  line  of  union  of  the  lateral  cut- edges  provided  a  new  head 
arises  at  the  posterior  end  of  this  new  tissue.  We  must  certainly 
ascribe  the  absence  of  the  ventral  cord  to  the  absence  of  a  cut-end 
of  the  old  cord  in  this  region.  Without  a  cut-end  a  new  nerve-cord 
does  not  develop. 

In  conclusion  one  may  summarize  these  results  by  stating  that 
the  presence  of  a  cut-end  of  the  nerve-cord  is  necessary  at  a  cut- 
surface  in  order  that  a  new  head  may  develop.  On  the  other  hand 
the  presence  of  the  digestive  tract  is  not  necessary  for  the  formation 
of  a  new  head  and  segmented  part.  The  absence  of  the  digestive 
tract  seems,  however,  to  inhibit  the  complete  formation  of  a  stomo- 
doeum,  and  likewise  of  a  brain  and  commissures  as  structures  quite 
distinct  from  the  anterior  end  of  the  ventral  cord. 
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# 

The  Bearing  of  the  Preceding  Experiments  on  Some  Forms 

of  Abnormal  Annelids. 

Andrews^)  has  given  a  very  complete  account  of  the  external 
and  internal  structure  of  a  number  of  oligochaete  and  polychaete 
annelids.  Two  of  these  forms  were  Al.  foetida.  In  these  an  addi- 
tional tail  was  found  at  one  side  near  the  posterior  end  of  the  worm. 
Dissections  and  sections  of  one  worm  show  that  all  the  characteristic 
organs  arc  present  in  the  side  tail  (as  well  as  in  the  main  one)  and 
that  the  longitudinal  organs  are  continuous  with  those  of  the  trunk. 
In  the  second  individual  there  is  no  digestive  tract  present  in  the 
outgrowth  which  is  made  up  of  eight  rings  and  a  terminal  piece 
(without  an  anal  invagination).  The  body  wall  has  the  characteristic 
organs  (muscles,  dorsal  and  ventral  setae,  ventral  nerve-cord,  and 
nephridia).  A  peculiar  strand  of  muscles  forms  »a  slender  cord 
running  the  whole  length  of  the  body-cavity  dorsal  to  the  nerve-cord*. 
»It  may,  perhaps,  be  regarded  as  a  representation  of  the  musculature 
of  the  digestive  tract. «  The  proximal  end  of  the  nerve-cord  is 
continuous  with  that  of  the  main  trunk. 

In  a  marine  annelid  Podarke  obscura,  Andrews  found  a  number 
of  similar  abnormalities.  The  relation  of  the  nervous  system  in  some 
of  the  individuals  calls  for  special  comment.  In  several  cases  the 
nervous  system  is  continuous  into  one  tail-end  but  not  into  the  other. 
If  we  assume,  as  Andrews  also  thinks  probable,  that  one  at  least 
of  the  two  tails  is  a  regeneration-product,  we  must  distinguish  between 
the  cases  in  which  the  nerve-cord  in  the  new  part  is  continuous  with 
that  of  the  trunk  and  those  in  which  the  nerve-cord  in  the  old  tail 
is  not  continuous  etc.  It  is  not  always  possible  to  make  out  which 
of  the  two  tails  is  the  new  one,  and  in  some  cases  both  may  be  new. 
My  results  on  the  earthworm  can,  I  believe,  he  applied  to  the 
interpretation  of  these  different  conditions,  although  it  must,  of  course, 
remain  an  open  question  whether  in  Podarke  the  nervous  system  is 
necessary  for  regeneration  to  occur.  But  if  it  prove  true  that  this 
is  the  case  as  it  is  in  the  earthworm,  the  following  hypotheses  may 
be  offered. 
1)  If  a  worm  is  wounded  on  its  ventral  surface  so  that  the  nerve- 
cord  is  cut  in  two,  a  new  tail  may  grow  out  from  the  place  of 


1)  Some  Abnormal  Annelids.    Quart.  Journ.  Micr.  Sci.   Vol.  36.   1894.    See 
also  Friend,  H.,  Nature.    Febr.  1893. 
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injary  in  the  ventral  cord,  and  if  the  old  tail  remains  a  two 
tailed  wonn  results.  The  old  nerve-cord  in  the  old  tail  may 
fail  to  unite  with  the  cord  from  which  it  has  been  discon- 
nected. 

2)  The  injury  may  be  of  such  a  kind  that  a  piece  of  the  nerve- 
cord  is  broken  oflf  and  separated  from  the  rest.  It  may  act  as 
a  center  for  the  formation  of  a  supernumerary  tail.  In  such  a 
case  the  new  nervous  system  may  appear  to  be  unconnected  with 
the  old,  but  a  careful  examination  should  show  a  piece  of  the 
old  cord  at  its  proximal  end. 

3)  The  end  of  the  worm  may  be  so  broken  oflf  that  the  nerve-cord 
is  separated  into  two  or  more  pieces  and  from  each  as  a  center 
a  new  nerve-cord  may  arise. 

I  am  able  to  give  here  a  description  of  another  case  of  a  worm 
having  two  tails.  This  specimen  was  found  amongst  a  lot  of  normal 
worms  and  was  given  to  me  by  Miss  Katharine  Foot.  In  the  region 
of  the  41»^ — 43'*  segments  a  second  tail  (of  21  segments)  comes  off 
to  one  side,  as  shown  in  Fig.  30.  At  the  base  three  of  its  segments 
(pigmented  in  the  figure)  contain  parts  of  the  old  worm.  I  could  not 
definitely  determine  whether  the  larger  (of  47  segments)  of  the  two 
tails,  which  is  more  nearly  continuous  with  the  old  part,  is  a  new 
tail  or  part  of  the  original  worm.  Sections  show  that  all  the  longitu- 
dinal organs  are  continuous  into  both  tails.  The  digestive  tract 
bifurcates,  as  do  also  the  ventral  nerve-cord,  and  the  dorsal  and  ventral 
blood  vessels.  Septa,  setae,  nephridia,  etc.  are  present  in  both  tails. 
The  conditions  are,  therefore,  similar  to  those  of  the  two  abnormal 
individuals  of  Al.  foetida,  described  by  Andrews.  The  bifurcation 
is  probably  the  result  of  an  injury  which  involved  splitting  or  crushing 
the  ventral  nerve-cord. 


False  Union  of  Metameres. 

In  1892  I  made  a  study  of  the  abnormal  rings  that  often  occur 
in  Annelids*).  Cori  at  the  same  time  and  independently  gave  an 
account  of  the  same  conditions.  I  found  that  some  of  the  simpler 
and  more  characteristic  abnormal  unions  may  arise  in  egg-embryos 
and  I  offered  as  a  suggestion  to  account  for  the  split  rings,  compound 
rings,  and  spirals  the  hypothesis  that  the  mesodermic  somites  sometimes 


>)  A  study  of  Metamerism.    Quart.  Joum.  Mier.  Sci.    Vol.  37.    1892. 
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made  union  above  or  below  with  an  incongruous  segment  of  the  other 
side.  I  also  found  by  direct  experiment  that  many  of  the,  most 
irregular  forms  of  abnormalities  arose  from  regeneration,  being  due 
both  to  false  unions  between  the  new  and  the  old  parts,  as  well  as 
to  irregularities  in  tlie  new  parts.  My  more  recent  results,  especially 
those  in  which  regeneration  takes  place  from  an  oblique  surface,  fully 
confirm  my  earlier  conclusions.  The  experiment  of  removing  a  piece 
of  the  ventral  wall  has  also  given  rise  to  some  most  bizarre  forms 
of  union.  Two  cases  may  be  here  cited.  In  Fig.  20  it  will  be  seen 
that  a  union  has  been  formed  between  the  middle  of  a  segment  and 
the  second  segment  behind  it.  Again  in  the  worm  shown  in  Fig.  17 
a  most  irregular  union  between  the  riglit  and  left  sides  has  taken 
place  across  the  mid-ventral  line.  Many  other  cases  might  be  given, 
but  these  suffice  to  show  how  very  extreme  unions  may  occur,  and 
under  natural  conditions  it  is  not  at  all  improbable  that  pieces 
might  be  torn  or  broken  from  the  sides  of  the  body,  and  in  con- 
sequence equally  irregular  union  of  the  old  segments  might  take 
place. 


Regeneration  of  Short  Pieces  From  the  Posterior  End. 

In  one  of  my  earlier  experiments  I  had  found  that  short  pieces 
(of  10 — 12  segments)  from  the  posterior  end  of  the  worm  often  failed 
to  regenerate  from  the  posterior  cut-surface.  It  was  not  evident  from 
the  experiment  whether  the  lack  of  regenerative  power  was  due  to 
tlie  smallness  of  the  piece,  or  to  a  real  lack  of  power  to  regenerate 
in  this  region  of  the  worm.  In  order  to  clear  up  this  point  I  cut 
into  pieces  the  posterior  half  of  twenty-five  worms,  keeping  piec^es 
from  the  same  region  together.  Each  piece  contained  from  10  to 
15  segments.  I  wished  to  determine,  first,  whether  the  power  of 
regeneration  from  the  posterior  end  of  these  pieces  is  diflferent  at 
different  levels  —  the  pieces  being  all  of  about  the  same  size;  second, 
whether  fewer  posterior  segments  would  be  produced  by  pieces  that 
lay  nearer  to  the  posterior  end  of  the  old  worm;  third,  whether  the 
anterior  ends  of  these  pieces  regenerated,  and  if  so,  whether  a  head 
or  a  tail  was  produced. 

The  experiment  began  Oct.  1.  When  examined  after  two  weeks 
(Oct.  15)  the  following  records  were  made.  The  roman  numerals, 
I — ^V,  give  the  position  of  the  pieces;  the  first,  I,  being  the  piece 
next  to  the  posterior  end. 
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I,  (Six  pieces  alive),   no  regeneration  at  the  posterior   ends'). 

11,  (12  pieces),  two  showed  the  beginning  of  a  new  posterior  part. 
Ill,  (8  pieces),  two  showed  a  small  new  tip,  and  the  others  no  new 
part,  or  only  doubtfully  a  new  beginning.  IV,  (8  pieces),  five  had 
new  small  posterior  ends,  three  had  very  small  ends,  smaller  than  the 
preceding.    V,  (6  pieces),  five  had  new  ends;  one  had  not  regenerated. 

On  Oct.  30  the  following  results  were  recorded:  I,  (5  pieces), 
no  regeneration  had  taken  place  at  either  end  of  any  of  the  pieces. 
n,  (10  pieces),  in  one  of  these  a  new  short  tail  was  present. 
in,  (7  pieces),  four  pieces  had  a  new  short  tail  and  one  of  the  pieces 
had  a  new  anterior  part  (head  or  tail?).  IV,  (6  pieces),  all  regenerating 
at  the  posterior  end.  The  longest  of  the  new  tails  >vas  longer  than 
the  longest  in  III.  V,  (5  pieces),  four  regenerating;  the  now  parts 
being  about  as  long  as  those  in  IV.    One  piece  was  not  regenerating. 

On  Nov.  13  the  following  results  were  recorded:  I,  (3  pieces), 
no  new  parts.  II,  (5  pieces),  two  of  these  had  new  posterior  ends. 
Ill,  (6  pieces),  three  of  which  were  regenerating  short  posterior  ends 
which  were  longer  than  those  in  the  last.  IV,  (7  pieces),  all  regener- 
ating at  posterior  end;  one  had  20  new  segments.  In  these  the 
new  end  was  much  longer  than  in  the  three  cases  in  III.  Two  of 
the  pieces  in  this  lot  had  new  anterior  ends  (whether  head  or  tail 
uncertain).  V,  (4  pieces),  all  regenerating  new  tails  as  in  last  lot. 
Two  pieces  had  new  anterior  ends  (tails?). 

On  Dec.  4  the  following  results  were  recorded:  I,  (4  pieces 
containing  12,  13,  14  14  old  segments  respectively),  none  had  new 
posterior  ends.  II,  (5  pieces  containing  9,  9,  11,  13,  15  old  segments), 
two  had  short  new  tails  (one  of  five  segments),  one  was  dying,  and 
two  had  no  new  tails.  Ill,  (5  pieces  containing  11,  11,  12,  13,  14 
old  segments),  all  had  new  posterior  ends  (one  of  these  of  seven,  and 
another  of  eleven  new  segments).    IV,  (6  pieces  containing  12,   12, 

12,  14,  14  old  segments),  all  had  relatively  long  posterior  ends  of 
several  to  many  new  segments.  Three  of  these  pieces  had  anterior 
ends,  one  of  which  was  composed  of  fifteen  segments  and  was 
undoubtedly  a  tail,  as  was  also  another.  V,  (2  pieces  containing  11 
and  15  old  segments),  both  having  rather  long  new  posterior  ends 
and  one  with  a  new  anterior  end  (head  or  tail?). 

On  Jan.  9.    I,  (one  piece),  no  new  segments.    II,  (3  pieces),  with 


*)  When  nothing  is  said  to  the  contrary  the  pieces  were  not  regenerating 
at  the  anterior  end. 
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a  small  short  posterior  end  one  of  four  segments  and  this  pieee  had 
a  short  anterior  end  of  a  few  segments  (head  or  tail?).  Ill,  (4  pieces), 
with  new  posterior  ends  of  12,  8,  4,  2  (or  3)  new  segments.  One 
pieee  had  a  short  anterior  new  part.  IV,  (4  pieces),  with  new  longer 
posterior  ends  of  22,  20,  15  new  segments,  and  another  of  many 
new  segments.  V,  (2  pieces),  one  with  a  new  posterior  end  of  fifteen 
new  segments  and  another  of  several  new  segments.  One  piece  had 
a  little  new  material  at  the  anterior  end. 

Jan.  22.  I,  (one  piece)  no  new  material.  II,  (3  pieces)  one  with 
four  new  posterior  segments  (and  also  with  four  new  segments  at  the 
anterior  end),  another  with  three  new  posterior  segments  and  another 
with  three  and  a  half  new  segments.  Ill,  (3  pieces)  with  four,  six 
and  three  new  posterior  segments.  The  latter  seemed  to  have  a  little 
new  material  at  the  anterior  end.  IV,  (4  pieces)  with  16,  20,  20,  10 
(or  more)  new  posterior  segments.  One  of  these  pieces  had  ten  or 
more  new  segments  at  the  anterior  end,  which  was,  no  doubt,  a 
heteromorphic  tail.  V,  (one  piece)  with  17  or  more  posterior  segments 
and  several  new  anterior  segments. 

Febr.  6.  I,  (all  dead).  II,  (2  pieces)  one  had  two  and  a  half 
new  posterior  segments,  the  other  three.  Ill,  (3  pieces)  one  had  four 
new  posterior  segments,  one  seven,  and  another  two.  The  last  piece 
had  a  small  new  anterior  end.  IV,  (3  pieces)  one  had  fifteen  new 
posterior  segments,  another  had  fifteen  and  the  other  had  also  fifteen 
new  segments.  The  last  had  also  a  few  irregular  new  anterior  seg- 
ments.   V,  (one  piece)  had  seven  new  posterior  segments. 

Febr.  27.  II,  (2  pieces)  one  with  four  and  the  other  with  three 
new  posterior  segments.  Ill,  (3  pieces)  one  with  five,  one  with  four 
and  one  with  three  new  posterior  segments.  One  of  these  pieces 
had  three  new  anterior  segments.  IV,  (3  pieces)  one  with  20,  one 
with  18,  one  with  19  (or  20)  new  posterior  segments.  One  piece  had 
a  new  anterior  end.   V,  (one  piece)  with  nine  new  posterior  segments. 

Apr.  3.  II,  (dead).  Ill,  (3  pieces)  one  with  six,  one  with  four,  and 
one  with  three  new  anterior  segments.  One  of  these  pieces  had  three 
new  anterior  segments.  IV,  (2  pieces)  one  with  twenty-three,  one  with 
eighteen  new  posterior  segments.     V,  (no  record,  probably  all  dead). 

May  21.  Ill,  (dead).  IV,  (one  piece)  with  fifteen  new  posterior 
segments. 

Summary.  These  results  covering  seven  and  a  half  months 
show  certain  points  of  general  interest.  First  the  length  of  time  that 
some  of  the  small  pieces  remained  alive  is  remarkable,  especially  as 
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they  were  kept  in  a  warm  room  with  a  temperature  between  60°  and 
70"  F.  Despite  the  length  of  time  that  they  remained  alive  none  of 
the  most  posterior  pieces,  I,  produced  any  new  posterior  segments. 
In  the  pieces,  II,  anterior  to  these  only  three  or  four  new  segments 
were  produced  after  five  months.  At  this  time  three  pieces  of  the  third 
lot,  III,  had  made  only  three,  four,  and  five  new  posterior  segments, 
but  in  this  same  lot  at  an  earlier  date  another  piece  had  made  twelve 
and  another  eight  posterior  segments.  In  the  more  anterior  lot,  IV, 
the  greatest  number  of  new  segments  were  made.  Eighteen,  twenty 
and  more  new  segments  were  produced.  In  fact  one  piece  of  only 
eleven  old  segments  made  twenty-two  new  ones  after  three  months. 
The  most  anterior  lot,  V,  made  almost  as  many  segments  as  the  last, 
the  difference  being  probably  accidental,  or  else  due  to  the  fewer 
pieces  remaining  alive. 

None  of  these  pieces  produced  as  many  segments  as  lay  behind 
the  posterior  end  of  the  piece  in  the  original  worms;  although  had 
they  lived  longer  some  of  them  might  have  accomplished  this  feat. 
Whether  any  of  the  pieces  would  ever  have  produced  more  than  this 
can  not  be  stated,  although  to  judge  from  other  results  this  does  not 
seem  probable. 

Several  of  these  pieces  produced  new  material  at  the  anterior 
end,  bui  in  most  cases  the  new  part  was  too  short  to  determine 
whether  a  new  head  or  a  new  tail  was  produced.  In  several  cases, 
howevQr,  the  new  part  appeared  to  be  a  new  heteromorphic  tail.  It 
would  be  a  point  of  much  interest  to  determine  whether  the  number 
of  new  segments  in  these  heteromorphic  tails  is  connected  with  the 
level  from  which  the  new  part  arises ;  whether,  for  instance,  from  a 
more  posterior  level  a  shorter  heteromorphic  tail  is  produced  than 
from  a  more  anterior  level  ^).  If  this  should  be  found  to  be  the  case, 
it  would  show  that  the  same  structural  (i.  e.  internal)  factor  that 
determines  the  length  of  the  new  posterior  othomorphic  tail  also 
determines,  ceteris  paribus,  the  length  of  the  new  anterior  hetero- 
morphic tail.  In  looking  over  the  few  scattered  notes  that  I  have 
bearing  on  this  subject,  it  seems  not  improbable  that  such  a  relation 
really  exists. 

These  results  agree  with  my  earlier  ones  in  showing  that  a  piece 
near  the  posterior  end  often  fails  to  make  good  the  missing  posterior 
segments.    In  order  to  determine  if  this  is  due  to  the  size  of  the 


1)  The  pieces  having  the  same  number  of  old  segments. 
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piece,  or  to  8ome  stroctnral  pecnliaritv  of  this  re^on  I  cat  off  longer 
pieces  of  the  posterior  end  and  removed  from  them  the  last  ten  seg- 
ments. In  the  first  experiment  twenty-five  pieces  containing  30  to 
40  posterior  segments  were  cat  oft*  from  as  many  worms,  and  then 
from  each  piec^  about  ten  posterior  segments  were  removed.  After 
a  month  a  small  new  part  was  present  in  fifteen  pieces  but  none 
could  be  seen  in  the  other  two.  After  nearly  two  months  more,  one 
piece  had  7  new  segments,  one  3  (or  4),  and  another  2  (or  3;. 
The  remaining  two  had  barely  any  new  material  at  the  end.  After 
two  mouths  more  four  pieces  had  8,  5,  4,  and  2  new  segments 
respectively.  After  this  some  of  the  pieces  died,  but  no  new  seg- 
ments were  produced  by  the  others. 

Almost  identical  results  were  obtained  when  worms  were  cut  in 
two  in  the  middle  and  about  ten  segments  cut  off  from  their  posterior 
ends.  These  pieces  also  produced,  in  most  cases,  only  a  few  posterior 
segments. 

Tf  these  results  are  compared  with  those  in  which  the  posterior 
cut-surface  is  at  a  more  anterior  level,  it  will  be  found  that,  in  the 
latter  case,  regeneration  is  quicker  and  a  larger  number  of  new  seg- 
ments are  produced.  It  is  evident,  therefore,  that  some  structural 
peculiarity  is  present  in  the  posterior  ends  that  limits  the  regeneration 
from  this  region.  Since,  however,  pieces  containing  more  thaii 
10—15  segments  produce  more  readily,  and  more  frequently,  the 
missing  posterior  ten  segments  we  must  also  conclude  that  the  smallness 
of  the  posterior  pieces  is  also  a  factor  limiting  the  power  of  posterior 
regeneration.  The  histological  character  of  the  most  posterior  region 
is  somewhat  different  from  the  middle  region  of  the  worm,  and  there 
is  present  a  relatively  large  number  of  chlorogogue  cells. 


Regeneration  of  Anterior  Ends  from  three  Different  Levels. 

During  four  winters  the  following  experiment  has  been  carried  out 
In  set  A  the  worms  were  cut  as  near  as  possible  to  the  fifteenth  segment; 
in  set  7/ just  behind  the  girdle  (about  the  25'^  segment);  in  set  C,  through 
the  middle  of  the  worm.  The  posterior  pieces  were  kept  in  order  to 
find  out  what  sort  of  structure  would  develop  at  the  anterior  end.  When 
cut  at  the  15th  segment,  the  gizzard  is  left  exposed  in  most  cases  at  the 
anterior  end;  when  cut  at  the  girdle  or  in  the  middle,  the  stomach- 
intestine  is  exposed.  In  those  cases  in  which  a  head  (composed  of  5,  or 
fewer  segments)  developed  at  the  anterior  end  I  wished  to  see  what  part 
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of  the  digestive  tract  was  produced  in  the  new  head,  and  how  the 
connection  with  the  old  part  was  made.  Some  of  the  worms  were 
kept  for  a  long  time  to  see  if  new  reproductive  organs  would  develop, 
since  these  were  entirely  removed  with  the  old  anterior  piece. 

In  all  335  worms  were  operated  upon.  The  year  and  the  number 
of  worms  is  as  follows: 


'    A 

1 

B 

'    C 

'97 

25 

15 

25 

'98 

30 

30 

30 

'99 

30 

50 

50 

'01 

25 

0 

25 

110 

95 

130 

The  best  series  is  that  of  '98  which  I  select  as  typical. 

The  worms  were  cut  in  two  on  Oct.  10.  On  Jan.  15  there  were 
27  worms  alive  in  A.  They  had,  or  most  of  them  had,  short  knob- 
like outgrowths  (not  so  long  as  in  C).  In  jB,  26  worms  were  alive. 
About  half  of  them  had  a  new  outgrowth.  In  C  there  were  30  worms 
of  which  about  half  had  each  a  new  tail-like  outgrowth  having  from 
a  few  to  20  new  segments. 

On  Feb.  26  there  were  alive  in  A,  20  worms  of  which  a  distinct 
new  head  of  2  or  3  segments  was  present  in  6,  in  10  the  new  part 
was  probably  a  head;  and  in  4  no  regeneration  had  taken  place. 
In  B  there  were  36  pieces^)  of  which  14  were  doubtful  (probably 
more  were  heads  than  tails),  1  had  a  distinct  new  head,  5  had  a  new 
heteromorphic  tail,  and  12  showed  no  regeneration.  In  C  there  were 
31  pieces  of  which  14  had  new  heteromorphic  tails  (from  5  to  25  new 
segments),  2  were  doubtful,  and  15  had  not  regenerated. 

On  April  1  there  were  13  worms  alive  in  A,  of  which  3  had  a 
new  head,  4  were  doubtful,  1  had  possibly  a  new  tail,  and  5  had  not 
regenerated  at  all.  In  B  there  were  28  worms  of  which  10  had 
new  tails,  8  were  so  abnormal  that  the  nature  of  the  new  structure 
w^9  doubtful,  and  10  had  not  regenerated  at  all.  In  C  there  were 
22  pieces,  of  which  8  had  new  heteromorphic  tails,  1  was  doubtful, 
and  13  had  not  regenerated. 

On  Apr.  21  only  2  worms  were  alive  in  A  (one  with  a  new  head 
of  two  segments);  in  -B,  11  were  alive  of  which  3  had  new  hetero- 


*)  Some  of  the  worms  must  have  broken  in  two.   The  discrepency  was  not 
noted  at  the  time  and  the  pieces  not  examined  to  see  if  this  was  the  case. 

▲rehiy  f.  Entwickelangsmeclianilc    XIV.  38 
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2,  The  position  of  tbe  dcitoiis  system  in  the  three  obliqne  ents 
is  indicated  in  Fig.  36,  37,  38.  In  Fig.  36  the  cat  end  of  the  neirons 
system  is  in  the  middle  of  the  posterior  oblique  surface;  in  Fig.  37 
it  lies  at  the  outer,  pointed,  ventral  end;  in  Fig.  38  at  the  inner 
ventral  end  of  the  cut-surface. 

In  the  first  case,  Fig.  36,  the  new  part  head  or  tail,  more  often 
the  latter  in  these  experiments  grew  out  at  right  angles  to  the  cut- 
surface  with  the  old  nerve-cord  as  the  center  of  the  new  part.  In 
the  second  case.  Fig.  37,  the  new  part  extends  backwards  from  the 
outer  end  standing  also  more  or  less  vertically  at  right  angles  to  the 
cut-surface.  The  new  part  does  not  arise  from  the  middle  of  the  cut- 
surface,  as  in  the  last  case,  but  the  new  tail  arises  nearer  the  outer 
end,  with  the  end  of  the  old  nervous  system  as  the  point  of  departure. 
The  upper  parts  of  the  more  proximal  segments  complete  themselves 
and  take  no  direct  [»art  in  the  formation  of  the  new  tail.  In  the  third 
case,  Fig.  38,  the  conditions  are  peculiar  and  often  an  abnormal 
development  takes  place.  It  can  be  seen  that  the  new  tail  is  formed 
at  the  region  in  which  the  old  nervous  system  ends,  that  it  stands 
at  right  angles  to  the  cut-surface,  and  that  it  does  not  occupy  the 
entire  cut-surface.  The  connection  between  the  old  segments  of  the 
outer  part  of  the  oblique  surface  and  the  new  segments  is  generaOy 
very  irregular  and  incomplete.  A  common  form  of  abnormality  which 
occurs  quite  often  in  the  new  tail  is  shown  in  Figs.  26,  27,  28,  29,  31. 
It  is  clear  that  the  result  is  due  to  the  lack  of  development  of  the  dorsal 
surface  of  the  new  part,  so  that  the  anal  opening  instead  of  being  carried 
out  to  the  end  remains  near  the  upper  part  of  the  cut-surface  Figs.  26, 
28,  31.  A  more  extreme  case  is  shown  in  Fig.  29.  Here  the  ventral  wall 
alone  has  developed,  so  that  the  new  part  has  the  form  of  a  concave  plate. 
The  digestive  tract  protrudes  in  folds  from  the  upper  surface  of  the 
plate.  The  plate  contains  the  nervous  system  along  the  mid-ventral 
line,  the  nephridia  at  the  sides  and  a  terminal  growing  zone,  where 
new  segments  are  added.  The  plate  is  metamerically  segmented.  There 
can  be  no  doubt  that  these  kinds  of  abnormalities  are  due  to  the 
lack  of  development  of  the  dorsal  wall  of  the  new  part  Regeneration 
has  begun  at  tlie  ventral  surface  where  the  cut-end  of  the  nerve- 
cord  is  present.  A  growing  zone  has  been  formed  at  the  end  of  the 
new  part.  New  segments,  or  the  ventral  part  of  segments,  are  added 
as  in  ordinary  regeneration.  In  consequence  of  the  lack  of  devel- 
opment of  the  dorsal  side  the  new  part  may  be  thrown  into  a  spiral- 
like that  of  Fig.  27. 


At  pres^ent  I  cm  ik4  sate  wni  c^ruicTA  r>  wkii  tiii<  Uok  im" 
development  of  the  dorsad  side  b  dco.  It  naiy  Iv  dme  t»^  t^iUn^  of 
the  new  and  the  old  pazt^  to  fonn  :»  m^^rphokcii^;*!  laiion:  or  i;  dmiy 
be  due  to  the  way  in  whieh  the  dip^siivo  tm<^t  fomi>  an  oivainc  to 
the  exterior,  or  to  the  de,:?fneniti"n  of  the  overhansiiii:  old  dorsal 
waU.  while  the  ventral  wall  i<  roireneratinir.  The  abitormaliiv  is 
most  often  found  —  it  is  at  best  of  ran?  ocetunenee  in  the  extrvmo 
form  shown  in  these  fibres  —  in  worms  that  have  been  cut  off  as 
in  Fig.  38.  It  als->  occurs  when  the  cut  is  ma^le  laterally  as  in  Fij:.  *^>. 
but  as  the  oblique  cut  may  also  extend  forward  on  the  ventral  surface 
such  instances  may  be  comparable  to  the  last.  In  a  few  cases  1  have 
obtained  similar  results,  when  a  piece  was  cut  out  of  the  uiid-ventral 
wall  at  the  posterior  end  of  a  piece. 

When  the  oblique  cut  like  that  of  Fig.  i>8  is  near  the  anterior 
end  a  new  head  arises  s«^mewliat  on  the  ventral  side  as  shown  in 
Fig.  32.  The  failure  of  the  new  ;uid  the  old  segments  to  pn^pcrly 
unite  is  obvious  in  this  figure. 

A  curious  result  was  obtained  in  one  case  in  which  a  worm  had 
been  cut  in  two  at  about  the  middle  by  an  oblique  cut  with  the 
anterior  end  of  the  cut  on  the  dorsal  side.  The  cut-surface  was  like 
that  of  Fig.  38,  but  the  regeneration  of  which  I  am  about  to  siH'ak 
took  place  from  the  anterior  end  of  the  posterior  half  of  the  worm. 
As  shown  in  Figs.  39,  40,  two  small  knobs  appear  near  the  end  ^on 
the  ventral  side)  of  the  oblique  cut.  They  lie  to  the  right  and  left 
of  the  middle  line.  When  cut  into  sections  it  was  found  that  a  pro- 
longation of  the  blind  anterior  end  of  the  digestive  tract  extends  to 
each  of  these  projections,  but  not  into  them.  The  projections  were 
solid,  b^ing  filled  with  material  that  in  continuous  with  the  two  layers 
of  muscles  of  the  body-wall.  Ectoderm  covered  the  surface.  The 
old  nervous  system  ends  abruptly  three  or  four  somites  behind  the 
level  of  these  projections.  The  anterior  end  of  the  cord  plunges  hero 
into  the  body  wall,  and  its  fibres  can  be  traced  forward  for  a  short 
distance  between  the  two  muscle -layers.  There  can  be  no  doubt 
that  the  two  projections  of  the  digestive  tract  are  connected  with  tho 
formation  of  the  two  knobs,  and  it  is  probable  that  they  represent 
an  abortive  attempt  to  form  new  heads  or  more  probably  heteroniorphic 
tails.  This  result  is  especially  interesting  in  connection  with  the 
results  described  in  the  first  part  of  this  paper,  where  on  several 
occasions  it  was  noted  that  a  small  projection  was  present  at  the 
anterior  end  of  the  worm,  even  when  the  nervous  system  did  not 
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extend  into  this  region,  Figs.  3,  6,  11.  It  was  also  recorded  that 
these  projections  were  found  in  connection  with  the  anterior  end  of 
digestive  tract.  In  the  light  of  these  results,  I  think  it  is  probable 
that  the  presence  of  the  anterior  end  of  the  digestive  tract  near  a 
regenerated  part  of  the  body-wall  acts  as  a  stimulus  causing  an  out- 
growth in  that  region,  but  in  the  absence  of  the  nervous  system  the 
new  part  fails  to  become  organised  to  form  a  head. 


Regeneration  of  Lumbriculus. 

There  is  a  peculiar  relation  connected  with  the  non-sexual  pro- 
pagation of  lumbriculus  to  which,  I  believe,  attention  has  not  been 
especially  called.  It  had  been  noticed  by  earlier  observers  that  the 
number  of  anterior  segments  produced  by  pieces  is  limited  in  much 
the  same  way  as  in  the  earthworm.  In  a  species  that  I  examined 
I  found  that  not  more  than  six  or  seven  new  anterior  segments 
generally  come  back.  The  pieces  are  therefore  limited  in  their 
anterior  growth.  If  the  pieces  were  also  limited  in  their  posterior 
growth  to  the  same  number  of  segments  that  lay  behind  that  piece 
in  the  original  worm  (as  seems  to  be  the  case  in  the  earthworm), 
then  the  new  worms  (except  the  one  from  the  anterior  piece)  would 
be  shorter  tlian  the  original  individual  according  to  the  position  in 
the  original  worm  from  which  the  pieces  were  taken.  If  this  were 
the  case,  and  if  then  tlie  new  worms  (except  the  anterior  one)  should 
again  i)ropagate  themselves  by  division  the  second  generation  would 
be  correspondingly  shortened  (except  the  one  from  the  head  end) 
and  if  we  imagine  the  process  to  continue  most  of  the  worms  would 
ultimately  be  reduced  to  a  very  few  segments,  theoretically  to  a 
jingle  one.  Since  we  do  not  find  this  to  be  the  case  in  nature  we 
can  only  suppose  that  the  posterior  end  of  lumbriculus  has  an  un- 
limited growth;  at  least  this  is  the  case  if  the  worms  propagate  for 
any  length  of  time  by  means  of  the  non-sexual-process.  It  is  noto- 
rious that  the  sexual  ford[is  of  this  worm  have  been  rarely  found,  so 
that  it  is  not  improbable  that  non-sexual  propagation  does  go  on  for  a 
long  time.  The  result  of  such  a  process  would  be  that  almost  the  entire 
race  would  become  a  regeneration  product.  The  few  worms  that  have 
come  from  the  more  anterior  regions  of  the  body  in  which  the  sexual 
organs  are  believed  to  develop,  would  l)e  few  in  comparison  to  the 
others,  and  in  the  course  of  time  they  might  be  entirely  eliminated 
by  accidents.    From  this  discussion  we  can  see  that  two  possibilities 
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exist  ill  relation  to  the  formation  of  sexual  forms.  First,  the  majority 
of  worms  that  have  arisen  from  regenerated  regions  of  some  of  the 
original  worms  might  be  incapable  of  producing  sexual  organs.  Since 
they  produce  anteriorly  only  the  head  segments.  Only  the  few  worms 
that  contained  the  genital  segments  of  the  original  worm  would  be 
capable  of  producing  the  sexual  cells.  Second,  all  the  new  worms 
might  produce  sexual  organs  in  the  new  segments  in  which  case  the 
sexual  cells  would  arise  from  somatic  cells  that  have  themselves  been 
regenerated.  If  sexual  cells  arose  in  this  way  and  embryos  were 
produced  then  the  chain  of  non-sexual  forms  would  be  broken.  If 
only  some  of  the  worms  propagated  sexually  both  methods  of  repro-. 
duction  might  go  on  at  the  same  time.  Until  more  facts  are  known 
in  respect  to  the  sexual  reproduction  of  lumbriculus,  we  can  not 
decide  which  of  these  possibilities  is  realized. 

These  ideas  were  suggested  by  some  experiments  on  lumbriculus 
which  I  made  during  the  winter  of  '99-  00,  but  the  results  are  too 
fragmentary  to  give  inextenso.  I  found  that  short  anterior  pieces 
of  from  10—15  segments  usually  die,  as  Bonnet  and  others  have  also 
observed.  Anterior  pieces  under  12  segments  rarely  produced  new 
posterior  ends,  and  even  pieces  that  had  begun  to  regenerate  often 
died.  On  the  other  hand  short  pieces  of  only  4  or  5  segments  from 
the  middle  of  the  body  produced  new  segments  at  both  ends.  Pieces 
from  the  posterior  region  often  died,  and  although  I  did  not  attempt 
to  determine  the  exact  limits  of  regenerative  power  in  this  region, 
yet  it  appeared  that  many  segments  must  be  present  in  order  that 
regeneration  may  take  place,  but  possibly  this  may  depend  on  whether 
the  posterior  end  has  recently  regenerated. 

In  several  cases  the  worms  were  cut  into  a  number  of  pieces 
and  the  pieces  kept  apart  and  numbered  according  to  their  position 
in  the  original  worm.  After  several  months  the  new  worms  were 
killed,  and  the  number  of  old  segments  and  the  new  ones  at  the 
ends  were  counted.  B^  contained  the  old  head,  B^  was  the  next 
piece  behind  this,  etc. 


Segments  in 

Segments  in 

Segments  in 

New  Head 

Old  Part 

Neir  Tail 

m 

17 

81 

D^ 

6I/2 

19 

108 

R^ 

6 

30 

119 

B* 

7 

20 

94 

R> 

7 

12 

28 
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Segments  in 

Segments  In 

Segments  in 

New  Head 

Old  Part 

New  Tail 

m 

_. 

dead 

— 

m 

6 

13 

89 

m 

7 

16 

81 

m 

7 

16 

96 

i>'» 

7 

10 

68 

m 

7 

18 

111 

[p 

7 

9 

60 

These  tables  show  in  the  first  place  that  the  number  of 
new  segments  produced  at  the  posterior  end  bears  no  relation  to 
the  region  from  which  the  regeneration  takes  place,  but  rather  to 
the  number  of  old  segments  in  the  piece.  In  as  much  as  I  failed  to 
record  the  number  of  segments  in  the  posterior  pieces  that  were 
rejected  it  can  not  be  stated  whether  the  highest  number  of  segments 
produced  by  the  pieces  —  especially  by  the  posterior  pieces  —  is 
greater  than  the  number  that  lay  originally  behind  that  region;  but 
judging  from  other  cases  in  which  the  total  number  of  segments  were 
recorded  it  appears  that  in  none  of  these  cases  had  as  yet  the  full 
compliment  of  posterior  segments  been  produced. 

The  number  of  anterior  segments  produced  by  these  pieces  was, 
in  all  but  two  cases,  seven,  and  the  number  produced  bore  no  relation 
to  the  region  from  which  the  piece  had  come.  In  another  experiment 
this  point  was  tested  for  quite  short  pieces.  The  results  are  as 
follows. 


No.  of 
Old  Segments 


No.  of  New 
Anterior  Segments 


8 
2 
6 
12  + 


7 
6 
7 

6-h 


No.  of 
Old  Segments 


No.  of  New 
Anterior  Segments 


12 

6 
19 

4V2 


6 

6  (or  7?) 
7 

5  +  (?) 


These  figures  show  that  the  number  of  anterior  segments  is  not 
determined  by  the  size  of  the  old  piece. 

In  other  cases  I  removed  one  to  six  segments  from  the  anterior 
end  of  several  worms.  In  these  cases  the  number  cut  ofiF  generally 
comes  back.  This  result  agrees  with  that  on  the  earthworm.  In  a 
few  other  cases,  the  head  end  of  a  worm  was  split  in  two  length- 
wise and  one  half  removed.  In  those  in  which  the  anterior  half  that 
remained  did  not  slough  off,  it  regenerated  laterally. 
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Summary. 

1)  When  a  piece  of  the  mid-ventral  wall  of  the  earthworm  is 
cut  out,  as  shown  in  Fig.  33,  (a  few  of  the  anterior  segments  having 
been  previously  removed),  the  lateral  edges  of  the  region  come  together 
and  unite.  The  anterior  end  of  the  ventral  nerve-cord  is  removed  with 
the  piece  of  the  wall.  At  the  anterior  end  of  the  worm  all  the 
longitudinal  organs  are  present  except  the  nerve-cord.  Owing  to  the 
absence  of  the  latter  a  new  head  does  not  regenerate  at  the  anterior 
end.  At  the  level  at  which  the  old  nerve -cord  ends  a  new  head 
grows  out  in  the  mid- ventral  line,  as  shown  in  Figs.  2,  10,  11.  The 
new  head  is  composed  of  a  few  segments.  It  may  or  may  not 
contain  a  digestive  tract.  Whether  it  has  a  digestive  tract,  or  not 
depends  most  probably  upon  whether  the  old  digestive  tract  has  been 
injured  during  the  operation  of  removing  the  piece  of  the  mid-ventral 
wall.  The  new  head  contains  in  all  cases  a  ventral  cord  which 
lies  inside  the  body  wall,  and  arises  from  the  anterior  end  of  the 
old  nerve-cord.  Fig.  25.  At  the  distal  end  the  new  nerve-cord  in  the 
new  head  forms  connectives  and  a  brain  if  a  digestive  tract  is  present, 
but  if  none  has  been  formed  the  ventral  cord  terminates  without 
forming  a  separate  brain  and  connectives,  although  an  enlargement 
at  the  end  may  represent  these  structures.  The  body  wall  is  made 
up  of  the  characteristic  layers.  Fig.  24;  although  the  setae  are 
fewer  than  normal.  Septa  are  absent  but  irregular  strands  may 
represent  them.    Nephridia  seem  also  to  be  absent. 

2)  If  after  removing,  as  before,  a  few  anterior  segments  a  cut  is 
made  to  one  side  of  the  mid-ventral  line  (as  shown  by  the  heavy 
line  in  Fig.  34)  and  then  a  piece  is  removed  (beginning  at  the  posterior 
end  of  the  cut)  from  the  mid-ventral  line.  Fig.  34,  two  anterior  ends 
of  the  nerve-cord  will  be  left,  one  at  the  anterior  cut-surface,  and 
the  other  at  the  posterior  end  of  the  region  from  which  the  piece  of 
the  ventral  wall  was  removed.  Under  these  circumstances  two  heads 
may  develop  (one  or  the  other  may  fail  at  times  to  do  so);  one  of 
which  will  be  a  large  head  at  the  anterior  end  and  the  other  a 
small  head  from  the  mid-ventral  line  near  the  ending  of  the  main 
ventral  cord.  The  latter  may  or  may  not  contain  a  digestive  tract 
(connecting  with  the  main  one)  and  resembles  the  head  in  the  last 
experiment  which  arises  under  similar  conditions. 

3)  The  two  preceding  experiments  show  that  in  order  to  form 
a  new  head  it  is  necessary  that  a  cut-end  of  the  nerve-cord  is  pre- 
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sent,  and  that  there  is  no  necessity  for  the  presence  of  a  digestive 
tract.  This  result  gives  us  a  first  step  in  the  analysis  of  the  internal 
factors  necessarv  for  the  formation  of  a  new  head  in  the  earthworm. 

4)  The  two  preceding  experiments  indicate  with  some  probability 
that  bifid  tails,  which  are  sometimes  found  in  annelids,  Fig.  30,  arise 
from  injuries  involving  the  old  ventral  cord. 

5)  If  pieces  of  10  to  15  segments  each  are  cut  from  the  posterior 
end  beginning  at  the  distal  end  it  will  be  found  that  the  second 
piece  (10  segments  from  the  posterior  end)  often  fails  to  produce  new 
segments  at  its  posterior  end,  and  at  most  produces  only  a  few  new 
ones.  Passing  forward  the  tendency  to  produce  new  posterior  ends 
is  more  marked  towards  the  middle  of  the  worm.  None  of  the  pieces 
produce  more  segments  than  lay  behind  the  region  of  the  original 
worm  from  which  tlic  piece  came. 

6)  Many  of  these  pieces  produce  heteromorphic  tails  at  the  anterior 
end.  It  is  probable  that  the  number  of  segments  in  these  hetero- 
morphic tails  is  regulated  by  the  region  from  which  the  tail  arises. 
The  nearer  the  region  from  which  the  heteromorphic  tail  develops  is 
to  the  posterior  end,  the  fewer  the  number  of  heteromorphic  segments, 
and,  vice  versa,  the  further  from  the  posterior  end  the  greater  the 
number  of  segments. 

7)  Ix>nger  pieces  (than  those  used  in  5)  near  the  posterior  end 
produce  more  often  the  missing  segments,  although  regeneration  is 
conspicuously  less  marked  near  the  posterior  end  than  at  anterior 
levels. 

8)  When  the  anterior  15  segments  are  removed  (the  worm  being 
cut  through  at  the  level  of  the  gizzard)  a  new  head  is  sometimes 
produced,  but  it  is  generally  composed  of  a  few  segments,  which  are 
often  abnormal.  When  the  worm  is  cut  in  two  at  the  level  of  the 
girdle  a  new  head  is  still  less  often  regenerated  although  abnormal 
heads  may  sometimes  appear.  When  the  worm  is  cut  in  two  in  the 
middle  there  develops  on  the  anterior  end  of  the  posterior  half  a 
heteromorphic  tail. 

9)  In  the  first  two  of  the  preceding  (8)  three  categories,  it  was 
found  in  most  cases  examined  which  had  produced  new  heads  that 
the  new  stomodoeal  invagination  did  not  join  the  old  digestive  tract, 
but  ended  posteriorly  blindly.    A  brain  and  connectives  were  present 

10)  When  worms  are  cut  in  two  by  oblique  lateral  cuts  (Fig.  36) 
the  new  part  arises  in  the  middle  of  the  oblique  sur&ce  (where  the 
nerve-cord  ends).     When  cut  off  obliquely  with  the  anterior  end  of 
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the  oblique  plane  on  the  dorsal  side  (Fig.  37)  the  new  part  arises 
near  the  ventral  end  of  the  oblique  surface  (where  the  nerve-cord 
ends).  Wlien  the  oblique  cut  is  made  with  the  anterior  end  on  the 
ventral  surface  (Fig.  38)  the  new  part  arises  near  the  ventral  surface 
(again  where  the  nerve-cord  ends).  These  results  show  that  tfie  nerve- 
cord  is  the  center  around  which  the  new  part  is  formed,  and  the 
obliquity  of  the  cut  plays  a  subordinate  role  in  the  result. 

11)  In  the  last  case  just  cited,  it  is  not  infrequent  to  find  that 
only  the  ventral  and  lateral  body  walls  are  regenerated,  Figs.  26, 
29,  31.  The  anus  lies,  therefore,  on  the  dorsal  and  anterior  end  of 
the  new  part  In  consequence  of  the  absence  of  the  dorsal  surface 
of  the  new  part,  abnormalities  like  those  shown  in  Figs.  26,  27,  28, 
29,  31,  result. 


Zusammenfassung. 

1)  Wird  ein  Stiick  aus  der  Mitte  der  ventralen  KOrperwand  des  Regen- 
wurins  hcrausgeschnitt^n ,  wie  in  Fig.  83  (einige  vordere  Segmentc  wurden 
vorher  entfemt),  so  schlieCen  sich  die  seitlichen  Rander  der  Gegend  zusaminen 
nnd  verscbmelzen.  Das  vordere  Ende  des  ventralen  Nerveustrangs  wurde  mit 
dcm  WandstUck  entfernt  Am  Vorderende  des  Warms  sind  alle  Longitudinal- 
organe  erhalten  mit  Ausnahme  des  Nerveustrangs.  Wegen  der  Abwcsenheit 
des  letzteren  entwickelt  sich  kein  neuer  Kopf  am  Vorderende.  In  derselben 
H(5he,  in  der  der  alte  Nervenstrang  endet,  keimt  ein  neuer  Kopf  in  der  ventra- 
len Mittellinie)  wie  die  Fig.  2,  10,  11  zeigen.  Das  neue  Haupt  ist  aus  einigen 
Segmenten  zosammengesetzt.  £s  kann  einen  Verdauungskanal  enthalten,  oder 
auch  nicht.  Beide  MOglichkeiten  hangen  hOchst  wahrscheinlich  davon  ab,  ob 
der  alte  Verdauungskanal  wahrend  der  Operation  zur  Entfernung  des  ventralen 
WandungsmittelstUckes  verletzt  wurde.  Der  neue  Kopf  enthalt  allfallig  einen 
nervtfsen  Bauchstrang,  der  nach  innen  von  der  KOrperwand  liegt  und  vom  vor- 
deren  Ende  des  alten  Nervenstranges  entspringt  (Fig.  25).  Am  distalcn  Ende 
bildet  der  Nervenstrang  in  dem  neuen  Kopfe  im  Falle  des  Vorhandenseins  eines 
Verdauungskanals  Konnektivzweige  und  ein  Gehim,  andemfalls  endigt  der 
Bauchstrang  ohne  die  Bildung  eines  besonderen  Gehirns  und  solcher  Konnektiv- 
zweige, obgleich  eine  Endanschwellung  diese  Bildungen  vertreten  kann.  Die 
KOrperwand  best^ht  aus  den  typischen  Schichten  (Fig.  24;;  allerdings  sind  die 
Borsten  seltener  als  normal.  Septa  fehlen,  kOnncn  aber  durch  unregelmaOige 
Zellstninge  vertreten  werden.    Nephridien  sclieinen  gleichfalls  zu  fehlen. 

2)  Wenn  nach  der  wie  oben  erfolgten  Entfernung  einiger  vordercr  Seg- 
mente  ein  Schnitt  seitwiirts  gegen  die  ventrale  Mittellinie  gefUhrt  wird  (ent- 
sprechend  der  dick  gezeichneten  Linie  in  Fig.  34]  und  dann  ein  Stttck  (ange- 
fangen  vom  hinteren  Ende  des  Schnitts)  von  der  ventralen  Mittellinie  (Fig.  34) 
entfernt  wird,  so  bleiben  zwei  vordere  Enden  des  Nerveustrangs  Ubrig,  eins  an 
der  vorderen  Schnittflache  und  das  andere  hinten  an  der  Kegion,  die  dem  ent- 
femten  BauchwandstUck  entspricht.  Unter  diesen  UmstUnden  kOnnen  sich  zwei 
KOpfe  entwickeln  (der  eine  oder  der  andere  kann  dabei  aber  auch  versagen), 
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von  denen  der  eine,  und  zwar  der  am  Vorderende,  ein  g  r  o  6  e  r  Kopf  wird,  der 
andere,  namlich  der  an  der  Mittellinio  nahe  dem  Ende  dea  Haupt-Bauchnerven- 
stranges,  ein  kleincr.  Der  letztere  kann  entweder  einen  Yerdaunngskanal 
(der  sich  dann  mit  dem  Haupternahrungskanal  verbindet)  enthalten ,  oder  anch 
nicht,  und  ahnelt  dem  beim  vorigen  Versnch  unter  ahnlichen  Vcrhaltnissen  ent- 
standenen  Kopfe. 

3)  Die  beiden  vorerwahnten  Versuche  zeigen,  dass  zur  Entstehung  eines 
neuen  Kopfcs  das  Vorhandensein  eines  Schnittendes  des  Nervenstranges  noth- 
wendig  ist  und  dass  dafiir  das  Vorhandensein  eines  Erniihrungskanals  nicht 
nothig  ist.  Dieses  Resultat  bedeutet  den  ersten  Schritt  in  der  Analyse  der 
inneren  Bcdingungen,  welche  zur  Neubildung  eines  Kopfes  beim  Regenwnrm 
nothwendig  sind. 

4)  Die  beiden  vorigen  Versuche  machen  es  bis  zu  einem  gewissen  Grade 
wahrscheinlich,  dass  zwei  gespaltene  Schwanze,  welche  bi^weilen  an  Anneliden 
(Fig.  30)  entstehen,  sich  von  Verletzungen  herleiten,  welche  den  ursprilnglichen 
Bauchstrang  betrafen. 

6)  Wcrden  Stucke  von  je  10—15  Segmenten  vom  Schwanz  abgeschnittcn 
indem  vom  Ilinterende  angefangen  wird,  so  findet  man  JJfter  Unfahigkeit  des 
zweiten  StUckes  (10  Segmente  vom  Hinterendo)  nach  hinten  zu  neue  Segmente 
hervorzubringen  und  es  kommt  meist  nur  zur  Bildung  einiger  weniger  neuer. 
Kommt  man  weiter  vorwarts,  so  wird  die  Tendenz  zur  Bildung  neuer  Hinter- 
enden  deutlicher  nach  der  Mitte  des  Wurms  zu.  Kein  Sttick  brlngt  eine 
grOBere  Anzahl  Segmente  hervor,  als  im  ursprtinglichen  Wurm  hinter  der  Stelle 
lagen,  von  der  das  Sttick  kam. 

6)  Manche  von  diesen  StUcken  bringen  am  Vorderende  heteromorphische 
SchwUnze  hervor.  MOglicher  Weise  iibt  die  Ursprungsgegend  des  Schwanzcs 
einen  regulirenden  Einfluss  auf  die  Anzahl  der  zu  ihm  werdenden  Glieder  aus. 
Je  naher  die  Ursprungsstelle  des  heteromorphischen  Schwanzes  dem  Hinterende 
liegt,  desto  geringer  ist  die  Anzahl  heteromorphischer  Segmente,  und,  umge- 
kehrt,  je  weiter  nach  vom  vom  Hinterende,  desto  grOCer  ist  seine  Gliederzahl. 

7)  Langere  StUcke  (als  die  unter  5)  ver^-endeten)  in  der  Nahe  des  Hinter- 
cndes  ergUnzen  iMter  die  fehlenden  Segmente,  obwohl  Regeneration  ganz  deut- 
lich  in  der  Nahe  des  Hinterendes  weniger  ausgesprochen  erscheint,  als  in  weiter 
vom  liegenden  Querschnittsgebieten. 

8)  Werden  die  vorderen  15  Segmente  entfernt  (wobei  der  Wurm  in  der 
H(5he  des  Magens  durchschnitten  wird),  so  entsteht  bisweilen  ein  neuer  Kopf, 
der  aber  gewOhnlich  nur  aus  ein  paar  Segmenten  besteht,  die  oft  abnormal  sind. 
Selbst  wenn  der  Wurm  in  der  HOhe  seines  GUrtels  durchschnitten  wird,  ist  die 
Regeneration  eines  normalen  Hauptes  noch  weniger  hUufig,  obwohl  abnormale 
Kopfbildung  bisweilen  auftreten  kann.  Wird  der  Wurm  in  der  Mitte  entzwei  ge- 
schnitten,  so  entwickelt  sich  am  Vorderende  der  Hinterhalfte  ein  heteromorphi- 
scher Scliwanz. 

9)  Bei  den  ersten  beiden,  der  unter  8  erwahnten  drei  Kategorien  ergiebt 
die  Prllfung  derjenigen  Falle,  in  denen  neue  KOpfe  gebildet  wurden,  dass  die 
neue  MunddarmeinstUlpung  nicht  iramer  mit  dem  ursprtinglich  vorhandenen  Ver- 
dauungstrakt  in  Verbindung  tritt,  sondern  nach  hinten  zu  blind  endigt  Gehim 
und  Konnektivnerven  waren  vorhanden. 

10)  Werden  Wiirmer  durch  schrlige  Seitenschnitte  zertheilt  (Fig.  36),  so 
erhebt  sich  der  neu  gebildete  Theil  in  der  Mitte  der  schriigen  Schnittflache  (wo 
der  Nervenstrang  endet).    Wird  der  Sohnitt  so  gefUhrt,  dass  der  Vorderrand 
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der  SchnittflSche  dorsal  liegt  (Fig.  37),  so  erbebt  sich  die  Nenbildang  nabe  dem 
ventralen  Ende  der  scbrSgen  Scbnittflacbe  (wo  der  Nervenstrang  endet).  Wird 
endlich  der  Scbnitt  so  geftihrt,  dass  der  Vorderrand  der  Scbnittflacbe  ventral 
liegt  (Fig.  38),  so  entstebt  die  Neubildung  dicbi  am  Rande  der  Baucbflacbe 
(wieder,  vo  der  Nerrenstrang  endet;.  Daraus  scbeint  bervorzugelien,  dass  der 
Nervenstrang  ein  Centmm  darstellt,  um  welcbes  sicb  die  Neubildungen  gnip- 
piren,  nnd  dass  die  Scbrage  des  Scbnittes  dabei  eine  nur  nntergeordnete 
Rolle  spielt. 

11)  Im  letztcitirten  Falle  findet  man  nicbt  gerade  selten ,  dass  nur  die  ven- 
trale  nnd  laterale  EOrperwand  sicb  regenerirt  (Fig.  26,  29,  31).  Der  Anus  liegt 
daber  anf  dem  RUcken  nacb  vom  zn  in  dem  neugebildeten  Tbeil.  Als  Folge 
der  Abwesenbeit  der  eigentlicben  Riickenwand  der  Neubildnng  ergeben  sicb 
abnorme  Bildungen,  wie  die  in  Fig.  26—29,  31  gezeicbneten. 
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Regeneration  in  Tubularia  mesembryanthemum. 


By 

N.  H.  Stevens. 
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With  13  figures  in  text. 


Eingegangen  am  13.  Joni  1902. 

In  October  1901,  when  my  paper  on  Tabnlaria  went  to  press, 
these  hydroids  were  very  small  and  pale  at  Naples.  In  December 
and  January  the  material  was  in  normal  condition,  and  I  was  able 
to  make  some  farther  observations  on  the  behavior  of  the  red  pig- 
ment grannies  in  regenerating  pieces. 

In  the  larger,  brighter  colored  specimens,  the  ejection  of  a  large 
pigment  ball  by  the  new  hydranth  is,  in  very  many  cases,  as  easily 
observed  as  in  the  Woods  Hole  species;  moreover,  the  same  pheno- 
menon occurs  in  the  white  variety,  the  pigment  mass  being  a  pale 
yellow  and  easily  identified  with  the  pigment  grannies  in  the  endo- 
derm  of  the  hydranth. 

In  several  specimens,  the  month  opening  was  formed  and  the 
pigment  thrown  out  while  the  hydroids  were  being  observed  with  the 
low  power  of  a  compound  microscope.  The  pigment  is  most  often 
ejected  in  one  mass,  soon  after  the  hydranth  emerges  from  the  tube, 
but  may  be  removed  in  smaller  masses  at  intervals  extending  over 
several  hours.  I  have  seen  specimens  try  for  hours  to  rid  themselves 
of  masses  which  had  adhered  to  the  wall  of  the  pharynx  and  could 
not  easily  be  dislodged. 

Occasionally,  instead  of  collecting  at  the  distal  end  of  the  tube, 
the  pigment  may  be  observed  lying  on  the  bottom  of  the  tube  scat- 
tered along  its  whole  length,  or  it  may  collect  at  the  proximal  end 
of  the  piece.    In  one  piece  the  pigment  mass,  when  first  observed 
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was  at  a  bend  in  the  tube  about  a  centimeter  behind  the  bydranth 
which  was  already  expanded;  a  few  minutes  later  it  went  up  into 
the  proboscis,  but  was  not  ejected;  and  two  hours  later  it  was  seen 
in  the  foot,  which  was  forming  at  the  proximal  end. 

In  many  pieces  the  pigment  ball  was  seen  forming  at  the  distal 
end  before  and  during  the  development  of  the  tentacle  anlagen, 
particles  from  the  circulating  fluid  being  gradually  added  to  the  mass 

(Fig.  :*). 

The  different  shades  and  colors  of  Tubularia  seem  to  be  due  not 
so  much  to  presence  or  absence  of  pigment  granules  as  to  difference 
in  shade  or  color  of  those  granules.  The  hydranths  of  the  white 
variety  contain  a  large  amount  of  pigment,  but  it  is  of  a  pale  yellow 
color  and  therefore  inconspicuous.  The  pigment  in  growing  parts 
seems  to  be  of  a  deeper  shade  as  well  as  more  abundant  than  in 
older  tissue:  this  may  be  observed  in  the  foot  which  is  often 
developed  at  the  proximal  end  of  a  long  piece,  as  well  as  in  new 
hydranths.  All  the  evidence  seems  to  indicate  formation  of  new^  pig- 
ment in  new  parts  and  rejection  of  that  which  has  come  from  de- 
generated parts,  as  waste  material. 

In  discussing  the  matter.  Dr.  Driesch  called  my  attention  to  the 
case  which  suggested  to  him  the  idea  that  a  quantitative  relation 
existed  between  the  number  of  red  granules  in  the  circulation  and 
the  amoimt  of  red  pigment  in  the  endoderm  of  the  new  bydranth. 
A  piece  which  had  been  cut  between  the  anlagen  of  the  proximal 
and  distal  tentacles,  showed,  after  some  hours,  degeneration  of  the 
proximal  tentacle  anlagen,  and  a  pigment  ball  at  the  distal  end. 
Several  hours  later  the  pigment  ball  had  disappeared  and  new  ten- 
tacle anlagen,  both  distal  and  proximal,  had  appeared,  —  longitudinal 
stripes  red  with  pigment.  The  natural  interpretation  of  the  pheno- 
mena observed  was  that  the  red  granules  that  had  vanished  from  the 
end  of  the  tube,  had  gone  into  the  new  tentacle  anlagen  (Driesch  '99). 

As  my  observations  on  the  normal  regeneration  of  a  hydranth 
made  the  correctness  of  this  interpretation  seem  improbable,  I  repeated 
Driesch's  experiment.  In  four  lots  of  Tubularia,  from  which  the 
distal  tentacle  anlagen  were  cut,  Jan.  17^*',  18^^  and  19**",  all  the 
classes  of  regeneration  described  by  Driesch  ('99)  for  such  cases, 
except  the  one  bearing  on  the  point  in  question,  were  found. 

Jan.  27^^,  a  large  number  of  specimens  were  cut,  and  out  of  one 
lot  of  twelve  there  were  five  that  showed  degeneration  of  proximal 
tentacle  anlagen  and  formation  of  new  proximal  and  distal  tentacles. 
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In  all  of  these  caseB  the  anlageo  were  only  just  Tisible  when  the 
distal  end  waa  cat  off;  when  they  are  well  advanced,  they  seem 
always  to  go  on  developing  instead  of  degenerating.  All  of  these 
specimens  showed  a  large  pigment  ball  at  the  anterior  end  after  the 
degeneration  of  the  tentacle  anlagen : 
in  one  case  the  ball  broke  np  and 
went  into  the  cirenlation  before  the 
appearance  of  the  new  tentacle  anlagen, 
but  reappeared  later  and  was  ejected 


Fig.  A. 


Fig.i 


Fig.D. 


Vig.  E. 


Fig.  A.    SpMiiMk  IB  wUub  Ihs  pigntnt  i 
tig.  S.    Sp*eliii«n  cnt  b*twMB  th<  ilislil  i 
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by  the  hydranth;  in  the  other  foar  c&ses  it  remained  at  the  distal 
end  during  the  formation  of  the  anlagen,  and  the  whole  development 
of  the  hydranth  and  was  ejected  as  before  described  (Stevekb  '01, 
Fig.  A].  Moreover,  in  one  long  piece,  a  new  hydranth  had  developed, 
meanwhile,  at  the  proximal  end  and  ])igmcnt  was  also  ejected  tbere. 
Fig.  S  shows  a  sketch  of  one  of  these  specimens  cnt  as  indicated 
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at  8  30  A.  M.,  Jan.  27^^  At  4  00  P.  M.  the  anlagen  appeared  un- 
changed (Fig.  C),  At  8  30  the  next  morning,  the  anlagen  had 
disappeared  and  a  ball  of  pigment  was  observed  at  the  distal  end 
(Fig.  D). 

The  specimens  were  kept  under  observation  during  the  day,  and 
at  4  00  P.  M.  new  anlagen  had  appeared  in  all  five,  the  pigment  mass 
remaining  at  the  distal  end  during  this  whole  period  of  observation 
in  every  case  but  one,  as  noted  above  (Fig.  E),  The  next  morning 
the  hydranths  all  came  out  and  the  pigment  was  ejected  as  usual. 
These  results  would  seem  to  show  conclusively  that  the  red  pigment 
granules  and  masses  seen  in  the  circulating  fluid  of  regenerating 
pieces  of  Tubularia  are  waste  material. 

Closing  in  of  the  cut  end.  —  This  phenomenon  has  been 
described  by  Morgan  ('01)  as  a  drawing  in  of  the  coenosarc  from 
all  sides,  constantly  narrowing  a  circular  opening  until  the  center  is 
reached  and  the  opening  closed.  In  a  recent  paper  ('02),  he  says 
that  the  opening  is  not  closed  by  a  bending  over  of  the  cut  edge  of 
the  coenosarc  toward  the  center,  but  that  the  closing  membrane  is 
largely  a  new  formation,  which  begins  a  short  distance  back  from 
the  cut  end.  He  attributes  the  method  of  closing  to  a  new  kind  of 
contractile  force,  exerted  by  the  tissue  as  a  whole  rather  than  by 
individual  cells. 

My  observations  both  at  Woods  Hole  on  Tubularia  crocea,  and 
at  Naples  on  Tubularia  mesembryanthemum  led  me  to  somewhat 
difl^erent  conclusions. 

The  cut  edge  seems  to  bend  over  slightly  toward  the  center,  the 
cells  meanwhile  coming  into  line  and  forming  a  smooth  edge,  which 
moves  straight  toward  the  center  parallel  with  the  plane  of  the  cut 
One  would  hardly  expect  to  find  necrotic  tissue  in  a  cut  surface  of 
Tubularia,  but  to  find  the  cut  cells  rounding  up  as  they  do  in  pieces 
of  Protozoa.  Sections  show  that  the  ectoderm  and  endoderm  take 
part  equally  in  the  closing-in  process,  both  extend  to  the  circular 
edge  in  all  stages;  but  the  ectoderm  clings  to  the  perisarc  and 
loosens  its  hold  less  rapidly  than  the  edge  moves  toward  the  center, 
giving  a  slightly  concave  appearance  to  an  optical  section  of  a  closing 
or  closed  end  (Figs.  F,  O  and  M).  As  one  watches  the  closing,  these 
peripheral  ectoderm  cells  are  seen,  hanging  back,  as  it  were,  but  not 
left  behind,  for  they  keep  their  place,  relative  to  the  other  cells  of 
the  coenosarc,  and  are  gradually  pulled  away  from  the  perisarc  by 
the  force  which  is   carrying  the   edge  toward  the  center.     If,  as 
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Morgan  says  ('02),  the  closing  membrane  were  a  new  formation,  begin- 
ning somewhat  back  from  the  cot  edge,  without  any  bending  over  of 
that  edge,  it  would  necessarily  be  formed  from  endoderm  alone ;  both 
obserration  of  the  closing  end  and  examination  of  sections  show  that 
this  is  not  the  case,  bnt  that  the  membrane  consists  of  a  layer  of 
endoderm  and  a  layer  of  ectoderm,  both  extending  to  the  edge  in 
all  stages  (Fig.  M). 
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In  the  conrse  of  the  preceding  experiments,  several  cases  like 
that  shown  in  Fig.  L  came  nnder  my  observation.  Here  tbe  cnt 
had  accidentally  been  made  in  the  distal  end  of  the  proximal  tentacle 
anlagen  instead  of  in  the  apace  between  the  two  anlagen  as  in 
Fig.  B.  As  the  figare  shows,  the  edge  was  drawn  in  toward  the 
center,  the  ends  of  the  anlagen  forming  radiating  sectors  of  the 
circolar  closed  end.  This  seemed  to  me  to  show  clearly  that  my 
prerious  observations  were  accorate,  and  that  the  cnt  edge  docs 
bend  over  and  then  move  toward  the  center,  stretching  ont  the  tiasae 
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and  thuB  giving  the  radial  appearance  of  the  pigmented  stripes,  and 
of  the  ectoderm  cells  in  Morgan's  silver  nitrate  preparations.  It 
would  be  an  interesting  experiment  to  cut  through  the  tenta(*le 
anlagen  in  various  planes,  and  watch  the  closing  in,  with  the  stripes 
as  landmarks. 

One  might  illustrate  this  closing -in  process  as  follows:  Let  a 
piece  of  very  elastic  rubber  tubing,  white  on  the  outside  and  black 
within,  represent  the  ectoderm  and  endoderm,  or  rather  the  coenosare, 
of  a  piece  of  Tubularia  stalk.  Cement  this  within  a  piece  of  glass 
tubing  which  will  represent  the  perisarc.  Loosen  the  cut  end  of  the 
rubber  from  the  glass  and  apply  sufficient  centripetal  force  to  several 
points  at  the  edge  to  draw  it  to  the  center,  pulling  the  rubber  tubing 
from  the  glass,  but  with  such  difficulty  that  the  rubber  is  sufficiently 
stretched  to  form  a  smooth  membrane  without  gathers  at  the  center. 
Now  if  the  ectoderm  cells  or  the  pigmented  stripes  have  been 
outlined  in  ink  on  the  outside  of  the  rubber  tube,  we  have  something 
similar  to  a  closed  end  of  Tubularia,  —  a  membrane  thinner  than 
the  rest  of  the  coenosare,  with  cells  elongated  radially;  or,  as  in 
Fig.  L,  the  ends  of  the  tentacle  anlagen  forming  sectors  of  the 
circular  membrane. 

My  observations  lead  me  to  think  that  the  force  that  closes  a 
cut  end  of  Tubularia  acts  centripetally  in  the  cells  at  the  cut  edge. 

Two  hours  or  so  after  pieces  are  cut,  the  membrane  usually 
presents  a  perfectly  level  surface  (Fig.  J?),  and  a  little  later  it 
begins  to  curve  outward  (Figs.  /  and  J)\  still  later,  in  very  many 
cases,  the  coenosare  with  the  thin  layer  of  perisarc  which  has  formed 
over  it,  projects  out  beyond  the  perisarc  (Fig.  K)\  this  is  almost  in- 
variably the  case  in  pieces  where  the  distal  anlagen  have  been  cut 
oflf  (Figs.  D  and  E),  The  >thin  end*  described  by  Morgan  ('01) 
seems  in  such  specimens  to  be  formed  wholly  by  extension  of  the 
coenosare  forward. 

One  is  inclined  to  suspect  that  this  thinning  out  of  the  distal 
end  by  extension  forward,  —  or  possibly  in  some  cases  by  withdrawal 
of  material  into  the  tentacle  region,  —  is  a  significant  feature  in  the 
process  of  regeneration,  and  that  it  may  be  concerned  in  the  respiration 
and  nutrition  of  the  developing  hydranth. 

The  layer  of  perisarc  which  is  formed  over  the  closed  end  of 
the  coenosare  in  an  early  stage  (Fig.  if),  appears  to  remain  extensible; 
for,  when  the  hydranth  is  emerging  from  the  tube,  it  is  often  seen 
stretched  out  over  the  hydranth  to  a  distance  equal  to  three  or  four 
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times  the  diameter  of  the  tabe:  finally  it  breaks  away  around  the 
edge  of  the  tube  and  is  thrown  off  by  the  expanding  tentacles,  as 
the  calyx-cap  of  a  poppy  is  thrown  off  by  the  expanding  flower. 

I  take  this  opportunity  to  express  my  appreciation  of  the 
opportunity  for  research  afforded  to  me  both  at  the  Marine  Biological 
Laboratory,  Woods  Hole,  Mass.,  and  at  the  Zoological  Station  at 
Naples,  through  the  kindness  of  the  » Association  for  maintaining 
the  American  Woman's  Table  at  the  Zoological  Station  at  Naples 
and  for  Promoting  Scientific  Research  by  Women «.  I  also  wish  to 
thank  the  professors  and  attendants  at  both  stations  for  their  unfailing 
kindness   and  zeal  in  procuring  for  me  the  material  that  I  desired. 


Conclusions. 

1)  There  is  no  quantitative  relation  between  the  number  of  red 
pigment  granules  in  the  circulating  fluid  of  regenerating  pieces  of 
Tubularia,  and  the  amount  of  red  pigment  in  the  new  hydranth.  The 
red  granules  are  thrown  into  the  circulation  by  degeneration  of  endo- 
dermal  ridges  or  tentacle  anlagen:  they  usually  accumulate  in  a  mass, 
or  ball,  at  the  distal  end  of  the  tube  and  are  ejected  as  waste 
material  by  the  hydranth. 

2)  The  force  which  closes  the  cut  end  of  a  piece  of  Tubularia 
stalk  acts  in  the  cells  at  the  cut  edge  rather  than  in  the  whole 
material  which  forms  the  membrane.  This  is  shown  1)  by  the 
appearance  of  the  ectoderm  cells  at  the  periphery  of  the  closing 
membrane,  which  is  gradually  pulled  away  from  the  perisarc  by  the 
centripetally  acting  force;  2j  by  the  radial  appearance  of  pigmented 
stripes,  as  in  Fig.  L\  3)  by  the  radially  elongated  ectoderm  cells  of 
the  membrane  (Morgan,  '02). 

Wttrzburg,  Germany,  June  1,  1902. 


Zusammenfassung. 

1)  Es  giebt  keine  quantitative  Beziehuug  zwischen  der  Anzahl  der  rothcn 
Pigmcntgrannla  in  der  CirkulationsfiUssigkeit  regenerirender  StUcke  von  Tubu- 
laria und  der  Menge  des  rotbeu  Pigments  in  dem  neuen  Hydrant.  Die  rotlien 
Granula  gelangen  durch  DegenerationsvorgUnge  der  FUhrungeleiBten  oder  Ten- 
takelanlagen  in  die  Cirkulation.  Sie  hUnfen  sich  gew^Shnlich  am  distalen  Eudo 
der  Ri^hre  za  einem  Klumpen  oder  Ball  znsammen  und  werden  von  dem  Hydran- 
ten  als  nnntttzes  Material  ausgeworfen. 
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2)  Die  Kraft,  welche  das  Schnittende  eines  Stengelstttcks  von  Tnbnlaria 
BchlieBt,  hat  ihren  Sitz  mehr  in  den  Zellen  am  Schnittrande,  als  in  dem  ganzen 
Material,  welches  die  Verschlnssmembran  bildet  Daranf  weist  hin  1)  das  £r- 
Bcheinen  der  Ektodermzellen  an  der  Peripherie  der  Yerschlussmembran,  indem 
sie  schrittweise  durch  die  centripetal  wirkende  Kraft  vom  Perisark  abgedrangt 
werden,  2)  dnrch  das  Anftreten  radiar  gestellter  Pigmentstreifen  (vgl.  Fig.  L); 
3)  dnrch  die  radiale  Yerlangemng  der  Ektodermzellen  der  Verschlnssmembran 
(Morgan,  '02). 
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Introduction. 

The  following  studies  bear  directly  on  the  general  problem  as 
to  how  far,  and  in  what  sense,  the  results  of  abnormal  development 
can  be  used  to  interpret  normal  development.  An  examination  of  the 
literature  shows  that  two  diametrically  opposite  views  are  held  by 
embryologists  at  the  present  time.  One  school  maintains  that  the 
evidence  from  abnormal  development  can  be  applied  directly  towards 
the  elucidation  of  the  normal  development.  The  other  school  main- 
tains that  just  so  far  as  the  embryo  is  abnormal  it  departs  from  the 
normal  method  of  development,  and  the  evidence  from  the  one  source 
has  no  application  to  the  other. 

It  is  onr  purpose  to  attempt  to  show  on  the  evidence  furnished 
by  the  abnormal  types  of  development  of  the  frog's  egg  that  these 
two  opinions  rest,  in  part,  on  a  misconception  of  the  relation  of  the 
two  processes ;  for,  while  on  the  one  hand  it  is  now  clear  that  if  the 
embryo  is  prevented  by  changed  conditions  from  following  its  nsnal, 
normal  course  it  may  often  reach  its  goal  in  an  indirect  way,  yet, 
on  the  other  hand,  it  is  also  possible  that  in  doing  so  it  may  proceed 
along  the  same  lines  followed  by  the  normal  embryo,  as  far  as  the 
changed  conditions  allow. 

The  fundamental  question  is  whether,  when  the  normal  course  of 
development  is  changed  the  embryo  re-forms  independently  of  the 
old  path  already  outlined  in  the  organization,  or  whether  it  follows 
the  old  lines,  except  where  prevented  from  doing  so  by  some  one  or 
more  of  the  new  conditions  imposed  upon  it.  A  specific  example 
may  make  this  clearer. 

If  the  first  plane  of  cleavage  of  the  frog's  egg  corresponds  more 
or  less  to  the  plane  that  divides  symmetrically  the  dorsal  lip  of  the 
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blastopore,  and  if  by  artificial  means  the  first  two  blastomeres  are 
separated  from  each  other,  will  the  two  new  dorsal  lips,  one  on  each 
half-embryo,  appear  on  the  same  part  of  the  egg  where  the  whole 
one  would  have  appeared? 

Or  again.  If  after  the  second  cleavage  the  egg  is  separated  in 
two  parts  in  the  plane  of  this  second  cleavage,  will  the  two  anterior 
blastomeres  make  a  new  embryo  with  the  old  organisation  as  a  basis? 
Will  the  two  posterior  blastomeres  also  re-organize  with  the  new 
dorsal  lip  on  that  side  that  would  have  been  nearest  the 
whole  dorsal  lip?  If  the  latter  change  should  take  place  in  this 
way  we  can  see  how  futile  are  the  two  points  of  view  mentioned 
above.  If  it  be  objected  that  in  these  examples  there  is  no  abnormal 
development  at  all,  but  the  separated  parts  of  the  egg  develop 
normally,  I  do  not  admit  that  the  objection  is  valid.  In  order  how- 
ever that  there  may  be  no  disagreement  let  us  take  another  case 
where  the  abnormality  will  be  admitted  on  all  hands. 

The  abnormal  form  called  spina  bifida  (or  asyntaxia  medullaris) 
has  an  exposure  of  yolk  on  what  appears  to  be  the  dorsal  side  of 
the  embryo.  At  the  anterior  end  there  may  be  a  single  medullary 
plate,  or  tube,  which  divides  at  the  yolk-exposure  into  halves,  each 
half  of  the  normal  single  plate.  One  group  of  embryologists  claim 
that  this  condition  shows  that  the  material  to  form  the  nervous  system 
is  laid  down  as  a  ring  which  normally  closes  over  the  yolk  to  form 
a  single  median  structure,  the  medullary  plate.  This  school  claims 
that  the  condition  of  spina  befida  means  that  this  same  ring  has  been 
prevented  from  closing  over  the  yolk,  and  has  formed,  in  situ,  its 
half-structure. 

The  other  school  claims  that  we  can  not  conclude  anything  at 
all  in  regard  to  normal  development  from  this  abnormal  kind  of 
embryo. 

Both  points  of  view  are,  I  believe,  erroneous.  The  first  because 
it  can  be  demonstrated  in  some  cases  beyond  reasonable  doubt,  that 
the  whole,  or  a  half  of  the  medullary  plate  may  be  formed  in  a  re- 
gion of  the  egg  where  the  material  is  not  that  which  goes  to  form 
tlie  same  parts  of  the  normal  embryo.  The  second  view  is  erroneous, 
because,  wherever  the  embryo  is  formed  the  same  general  plan  of 
development  is  followed. 

The  difference  of  opinion  on  this  point  has  arisen,  as  I  shall  try 
to  show,  on  a  false  view  of  what  is  to  be  compared,  and  the  difS- 
oiilty  is  not  dissimilar  form  that  into  which  comparative  anatomists 
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have  fallen.  If,  for  instance,  we  compare  the  series  of  appendages  ot 
one  animal  having,  let  as  say,  six  serially  graded  pairs  with  another 
animal  having  twelve  similar  pairs  with  a  longer  gradation  between 
the  first  and  the  last,  it  wonld  be  manifestly  absurd  to  compare 
directly  any  one  of  the  first  series  with  any  one  of  the  second,  and 
yet  it  is  obvious  that  both  series  admit  of  a  sort  of  ideal  comparison. 
The  general  method  of  formation  is  the  same  in  both,  and  the  structure 
is  on  the  same  plan,  but  we  go  wrong  if  we  attempt  to  find  out, 
which  one  of  the  first  series  corresponds  to  which  one  of  the  other. 
So  it  is,  I  believe,  with  the  normal  and  abnormal  types  of  develop- 
ment. We  err  when  we  try  to  show  how  the  abnormal  form  is  a 
part  of  the  normal  development,  —  it  may  be,  but  often  it  is  not  the 
same.  Our  only  safe  ground  is  to  admit  frankly  that  the  plan  in  the 
one  case  is  more  or  less  the  same  plan  or  ideal  followed  in  the  other, 
but  the  material  may  not  be  the  same  material  in  the  two  cases. 
The  location  of  the  parts  may  be  and  often  is  altered,  but  the 
alteration  is  along  the  lines  of  the  old  organization,  which  gives  the 
basis  for  the  new  form. 

This  leads  to  the  following  consideration.  The  embryo  has 
great  capacity  to  adapt  itself  to  change,  but  if  in  doing  so  it  moves 
along  the  lines  of  the  old  organization  already  laid  down,  our  problem 
will  be  to  determine  what  part  of  the  old  organization  is  made  use 
of  in  the  re-organization.  The  experimental  part  of  this  paper  will 
deal  directly  with  this  problem. 


Part  I.    Review  and  Critique. 

• 

The  relation  of  the  egg  to  the  embryo  that  develops  out  of  it 
is  at  the  present  time  the  central  problem  of  embryology.  This  was 
not  so  much  the  case  in  the  early  days  of  embryology,  during  the 
17"»,  18'^,  and  W^  centuries,  when  the  idea  of  preformation  lead  to 
the  conception  of  the  egg  as  an  envelope  enclosing  a  miniature  embryo, 
—  as  the  leaf  is  enclosed  in  the  bud,  or  as  the  skin  of  the  chrysalis 
conceals  the  butterfly.  For  the  preformationist  there  was  no  problem 
of  importance  connected  with  the  position  of  the  embryo  in  the  egg, 
since  it  mattered  little  how  the  embryo  lay  within  its  envelopes,  so 
long  as  its  parts  were  in  existence.  When,  however,  the  idea  of 
epigenesis  took  shape  the  central  and  all  important  problem  lay  in 
the  relation  of  the  egg  to  the  embryo.  At  first,  when  the  egg  was 
looked   upon   as   a  sphere   of  unformed   material,   as  Wolff  had 
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supposed,  the  problem  of  position,  or  localization  did  not  occnpy  the 
fore-front  of  embryological  speculation.  As  soon  as  it  was  recognized, 
on  the  other  hand,  that  the  egg  itself  had  a  definite  structure,  then 
the  all-important  problem  for  the  embryologist  became  that  of  de- 
termining the  relation  between  the  egg-structure  and  that  of  the 
embryo;  and  since  the  most  tangible  problems  are  those  connected 
with  the  localization  of  the  parts  of  the  embryo,  the  thoughts  of 
embryologists  turned  in  this  direction.  The  field  of  investigation 
which  has  been  most  thoroughly  explored  at  present  is  that  of  the 
development  of  the  egg  of  the  frog;  and  as  the  outcome  of  a  large 
number  of  observations  and  experiments  on  this  egg  it  may  fairly 
be  claimed  that  we  have  made  in  recent  years  no  small  advances. 
It  may,  therefore,  not  be  unprofitable  to  examine  the  evidence  that 
has  lead  to  our  present  position. 

The  earlier  attempts  to  localize  the  embryo  in  the  egg  were  not 
very  successful.  The  early  students  of  the  frog's  egg,  Rusconi  and 
VON  Baer,  for  instance,  thought  that  the  embryo  developed  on  the 
black  hemisphere.  The  striking  experiment  of  Newport  in  1851  did 
not  attract  the  attention  it  deserved,  and  it  was  not  until  after  the 
brillant  achievements  of  Pfluger  and  of  Roux  that  the  relation  be- 
tween the  cleavage  process  and  the  formation  of  the  embryo  attracted 
widespread  interest.*  In  the  same  year,  1883,  both  Pfluger  and 
Roux  determined  once  again,  and  without  knowing  of  Newport's 
results,  that  the  first  plane  of  cleavage  of  the  frog's  egg  corresponds 
in  i)osition  with  the  median  plane  of  the  body  of  the  embryo. 
Pfll-ger's  further  experiments  carried  out  at  this  time  lead  him  to 
believe  that  tlie  egg  is  isotropous,  and  subsequent  investigation  has, 
in  a  sense,  confirmed  this  conclusion,  provided  by  isotropy  we  mean 
that  all  parts  of  the  egg  have  the  power  of  producing  any  part  of 
the  embryo  —  an  idea  that  is  more  accurately  expressed  at  the 
present  time  by  the  word  totipotence. 

If,  however,  we  mean  by  isotropy  that  the  egg  in  homogeneous, 
the  idea  is  probably  false,  since  we  are  now  in  a  position  to  main- 
tain on  good  evidence,  I  believe,  that  a  heterogeneous  although  labile 
organization  must  be  postulated  for  the  egg.  The  results  of  Pflugeb's 
experiments  point  to  a  totipotence  of  the  egg-material,  but  Pfluger's 
conception  of  isotropy  appears  to  have  been  nearer  to  that  of  homo- 
geneity, since  he  compares  the  cells  to  the  flakes  of  snow  that  go  to 
Ibrni  a  glacier. 

Roix,  on  the  other  hand,   was  lead  by  his  experiments  to  a 
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conception  of  development  which  is  difficult  to  classify  either  nnder 
the  term  preformation  or  epigenesis,  but  contains,  as  he  has  insisted, 
elements  of  both  doctrines.  Nevertheless  his  mosaic  theory  of  de- 
velopment, which  is  the  most  characteristic  feature  of  his  view,  is 
one  that  supposes  the  egg  to  become  during  its  cleavage  a  hetero- 
tropic  structure;  the  machinery  for  development  being  given  in  the 
preformed  elements  of  the  nucleus,  and  in  the  mechanism  for  the 
separation  of  the  elementary  structures  into  their  components.  The 
protoplasm  of  the  egg  plays  a  secondary  rdle  so  far  as  preformation 
is  concerned,  and  is  treated  as  a  sort  of  indifferent  medium  that  acts 
only  as  it  is  controlled  by  the  elements  of  the  nucleus.  Its  differ- 
entiation is  consequently  the  result  of  a  sort  of  epigenetic  develop- 
ment. The  protoplasm  is,  in  fact,  looked  upon  as  a  substance  out 
of  which  any  or  all  parts  of  the  embryo  can  be  formed  under  proper 
guidance.    It  is  totipotent  in  a  passive  sense. 

With  this  preliminary  statement  we  may  proceed  to  examine  a 
large  body  of  evidence  on  which  our  present  opinion  must  rest 
Roux  found  that  the  fertilized  eggofRana  esculenta  orientates 
itself  with  its  dark  pole  to  one  side  of  an  imaginary  vertical  line 
passing  through  the  center  of  the  egg.  In  consequence  of  this  oblique 
position  of  the  fertilization  egg,  a  small  portion  of  the  white  hemi- 
sphere can  be  seen  when  the  egg  is  looked  at  from  above.  We  shall 
speak  of  the  white  portion  of  the  egg  that  appears  above  as  the  grey 
crescent.  Roux  found  ('83)  that  when  the  first  furrow  comes  into 
the  egg  it  passes  through  the  black  pole,  through  the  highest  point 
of  the  egg,  and  the  egg  center.  It  lies,  therefore,  in  that  meridian 
of  the  egg  that  divides  symmetrically  the  grey  crescent.  Roux  also 
found  that  the  second  farrow,  which  is  at  right  angles  to  the  first, 
lies  in  the  upper  dark  hemisphere  nearer  to  the  grey  crescent,  and 
that  the  two  cells  on  the  crescent  side  of  the  egg  are  somewhat  smaller 
than  those  of  the  opposite  side.  His  figures  also  show  that  after  the 
third  cleavage  two  of  the  upper  cells  are  smaller  than  the  opposite 
ones.  It  is  important  to  draw  attention  to  this  last  point,  since  it 
has,  to  some  extent,  been  lost  sight  of  by  later  writers,  who  have 
gone  over  the  same  ground.  Roux  supposed,  at  this  time  that  the 
embryo  is  formed  on  the  dark  hemisphere,  and  since  the  medullar}^ 
folds  extend  backwards  to  that  side  of  the  egg  over  which  the  grey 
crescent  was  seen,  he  located  at  first  the  posterior  end  of  the  embryo 
in  this  region,  and  the  anterior  end  at  the  opposite  side  of  the  black 
hemisphere. 
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Pfluger  showed  that  this  orientation  is  wrong,  and  that  the 
embryo  appears  in  reality  over  the  white  hemisphere.  A  secondary 
rotation  of  the  whole  egg,  just  before  the  embryo  appears,  brings  the 
embryo  to  the  top  of  the  egg.  The  head  of  the  embryo,  and  not  the 
tail,  develops  in  the  region  of  the  white  crescent. 

Roux  observed  that  there  is  very  often  a  discrepancy  between 
the  position  of  the  first  plane  of  cleavage  and  the  median  plane 
of  the  embryo.  He  attributed  this  to  accidental  shifting  in  position 
of  the  egg  during  development,  and  since  he  did  not  compare  the 
position  of  the  two  planes  in  question  until  after  the  medullary  plate 
had  appeared,  there  can  not  be  much  doubt  that  such  shifting  might 
take  place.  The  results  might  have  been  more  accurate  had  the  first 
appearance  of  the  dorsal  lip  of  the  blastopore  been  taken  as  indicating 
the  future  mid-dorsal  line  of  the  embryo,  for,  by  doing  so,  the  possible 
error  of  a  shifting  of  the  egg  on  its  axis  during  the  overgrowth  of 
the  blastopore  is  avoided,  and  also  the  much  greater  likelihood  of 
shifting  as  the  whole  egg  rotates  to  bring  the  embryo  uppermost. 
It  is  very  doubtful,  however,  in  the  light  of  more  recent  work,  whether 
even  with  these  precautions  there  would  have  been  found  a  constant 
agreement  between  the  first  plane  of  cleavage  and  the  median  plane 
of  the  embryo. 

In  later  papers  Roux  advanced  the  idea  that  the  second  plane 
of  cleavage  divides  the  material  for  the  anterior  half  of  the  embryo 
from  that  of  the  posterior  half;  but  this  question  can  be  best  considered 
after  we  have  discussed  the  meridional  position  of  the  embryo  on 
the  egg. 

As  has  been  stated,  Roux  found  that  the  axis  of  the  fertilized 
egg  of  Rana  escnlenta  is  inclined  at  a  considerable  angle.  He  found 
on  the  other  hand  that  no  such  declination  is  present  in  the  e^  of 
Rana  fnsca;  but  Schultze  observed,  on  the  contrary,  in  the  latter 
egg  after  fertilization  a  very  marked  declination  of  the  axis.  The 
important  question  then  arose  as  to  whether  a  declination  of  the 
primary  axis  will  appear  in  the  unfertilized  egg  if  it  is  thrown  into 
water,  and  if  it  does  whether  it  corresponds  to  that  of  the  fertilized 
egg.  Roux  tested  this  point  indirectly  by  the  ingenious  experiment 
of  localized  fertilization.  An  egg  was  taken  from  the  uterus,  placed 
between  two  glass  plates  and  enough  water  added  to  allow^  the 
jelly-membrane  to  swell  somewhat.  After  thirty  minutes  a  solution 
containing  spermatozoa  was  brought  in  contact  with  one  side  of  the 
egg.     Later  (after  ten  minutes)   more  water  was  added,   when  the 
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membranes  swelled  farther  so  that  the  egg  became  free  to  rotate. 
When  the  first  farrow  appeared  it  was  found  to  pass,  more  or  less, 
through  the  region  at  which  the  spermatozoa  had  been  set  free,  and 
where  presumably  one  had  entered  the  egg.  Roux  found  that  the 
egg  rotates  after  fertilization  on  its  a^is,  so  that  the  black  pole 
turns  towards  the  side  at  which  the  spermatozoon  is  supposed  to 
have  entered.  In  consequence  of  this  rotation  the  grey  crescent 
appeared  at  the  side  exactly  opposite  to  that  of  entrance  of  the 
spermatozoon.  The  first  furrow  passed  through  the  fertilization  point 
and  the  black  pole  and,  therefore,  divides  the  grey  crescent  symme- 
trically. Hence  since  the  spermatozoon  could  be  made  to  enter  at 
any  point  of  the  upper  hemisphere,  and  since  this  determines  the 
position  of  the  first  plane  of  cleavage  and  the  median  plane  of  the 
embryo,  it  appears  to  follow  that  before  fertilization  all  primary 
meridians  of  the  egg  are  equipotent^). 

These  results  might  seem  to  furnish  a  demonstration  of  the 
equivalency  of  all  primary  meridians,  but  serious  doubts  have  been 
raised  as  to  the  certainty  of  this  conclusion. 

In  the  first  place,  Roux  himself  had  observed  that  unfertilized 
eggs  of  Rana  esculenta  slowly  rotate,  so  that  the  black  pole  becomes 
declined.  Does  this  mean  that  a  pre-existing  plane  of  organization 
exists  in  the  egg?  If  so,  does  it  have  the  same  symmetrical  relations 
as  that  of  the  fertilized  egg?  Does  normal  fertilization  take  place 
in  a  predetermined  region,  and  if  so  does  this  region  lie  opposite 
the  region  that  becomes  the  grey  crescent?  Is  it  not  possible  that 
the  eggs  in  Roux's  experiment  were  under  abnormal  conditions,  so 
that  in  them  an  unusual  point  of  entrai^ce  of  the  spermatozoon  was 
forced  upon  the  egg?  If  so  the  results  can  not  be  compared  with 
what  takes  place  in  the  normal  egg. 

The  only  ground  at  present  on  which  we  may  attack  RouX's 
conclusion  is  based  on  certain  observed  relations  pre-existing  in  the 
egg  before  fertilization.  Schultze,  in  particular,  has  attempted  to 
throw  doubt  on  Roux's  results.  Schultze  has  shown  ('87)  that 
ripe  ovarian  eggs  of  several  amphibia  show,  before  they  have  entered 
the  oviducts,  the  germinal  vesicle  in  an  excentric  position  in  relation 
to  the  black  hemisphere,  and,  in  consequence,  there  is  a  bilateral 
plane  present  in  the  egg.     The  polar  spindle  also  lies  in  the  same 


1)  1  purposely  avoid  the  use  of  the  word  totipotende  here  since  the  meridians 
might  be  eqoipotent  without  being  totipotent. 
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excentric  position  and  it  could  be  shown  that  the  first  plane  of 
division  often  passed  throagh  the  point  of  extrosion  of  the  polar 
bodies.  This  makes  it  probable,  Schultze  thinks,  that  the  early 
bilaterality  of  the  egg  coincides  with  the  future  plane  of  bilaterality 
of  the  embryo,  although  he  admits  as  possible  that  a  change  might 
occur  so  that  a  new  plane  of  bilaterality  is  determined  after  fertiliza- 
tion; but  he  thinks  this  very  improbable.  Schultze  does  not  fail 
to  point  out  certain  inconsistencies  in  Koux^s  results.  For  instance, 
Roux  made  his  statement  only  in  regard  to  Rana  Aisca,  and  not 
for  Kana  esculenta,  because  in  the  former  he  found  that  the  primary 
axis  is  vertical,  and  hence  any  possible  plane  may  become  the 
plane  of  first  cleavage.  Roux  thought  that  in  Rana  esculenta,  ow- 
ing to  the  obliquity  of  the  axis  of  the  fertilized  egg,  the  entering 
spermatozoon  might  be  carried  secondarily  by  currents  into  the 
symmetrical  plane  of  the  egg.  Schultze  finds,  however,  that  the 
unfertilized  egg  of  Rana  fusca  has  also  an  oblique  axis,  and  often, 
very  often,  one  that  is  markedly  oblique.  If  so,  Roux's  argument 
should  also  apply  to  the  latter  species.  Schultze  sums  up  his 
conclusion  in  the  non-commital  statement,  that  at  present  it  has  not 
been  shown  that  nnder  normal  conditions  there  is  no  preformed 
region  at  the  which  the  spermatozoon  enters.  He  claims  that  Roux's 
experiment  shows,  at  most,  that  iu  eggs  held  artificially  in  a  given 
position  the  spermatozoon  may  enter  at  some  other  point  than  that  at 
which  it  would  normally  enter,  and  in  doing  so  defermines  the  plane 
of  first  cleavage.  If  the  last  argument  be  admitted  we  have  reached 
at  least  a  formal  agreement  between  the  two  apparently  opposite 
results.  I  should  also  like  to  add  here  that  even  if  the  position  of 
the  first  plane  of  cleavage  may  be  determined  by  the  artificial,  localized 
fertilization,  it  may  still  be  possible  that  the  location  of  the  embryo 
6n  the  egg  may  be  predetermined  by  other  internal  factors.  The 
median  plane  of  the  latter  by  no  means  always  corresponds  to  the 
position  of  the  first  plane  of  cleavage.  Let  us  consider  this  point 
somewhat  further. 

As  has  been  stated,  Newport,  Pfluger,  and  Roux  found  that, 
in  general,  there  is  an  agreement,  more  or  less  exact,  between  the 
position  of  these  two  planes,  but  later  writers  have  by  no  means 
given  unanimous  consent  to  this  conclusion.  In  fact,  Newport 
himself  observed  that  »at  times  the  axis  deviates  to  the  right  or  left* 
and,  as  previously  stated,  Roux's  and  Pfluger's  observations  showed 
often  a  lack  of  coincidence  in  the  two  planes.    Even  more  suggestive 
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is  PflOgeb's  discovery  that  while  the  planes  of  cleavage  vary  greatly 
under  certain  conditions,  the  position  of  the  embryo  on  the  egg  does 
not  follow  the  changes  of  cleavage  planes,  but  belongs  rather  to  one 
of  the  primary  meridians  of  the  egg.  Rauber's  observations  ('86) 
showed  also  that  a  difference  often  exists  between  the  position  of 
the  first  cleavage  plane  and  the  median  plane  of  the  embryo.  He 
severely  criticises  Roux's  hypothesis,  and  tries  to  show  for  the  frog, 
that  the  second  plane  of  cleavage  more  often  coincides  with  the 
median  plane  of  the  embryo.  Morgan  found  ('91)  a  general  agreement 
between  the  first  plane  of  cleavage  and  the  median  plane  of  the 
embryo  in  the  frog,  Chorophilus  triseriatus,  but  states  that  the  two 
do  not  always  exactly  coincide.  Jordan  and  Eycleshymer  ('94) 
pointed  out  that  during  cleavage  the  planes  so  shift  from  their  first 
position,  that  cells  derived  from  the  right  blastomere  are  often  carried 
over  to  the  other  side,  and  vice  versa. 

ScHULTZE  also  ('90)  found  that  the  two  planes  in  question  often 
coincide.  Roux,  in  1892,  made  the  significant  admission  that  in 
bilaterally  symmetrical  animals  one  or  the  other  of  the  first  two  planes 
of  cleavage  becomes  the  median  plane  of  the  body,  and  since  in  his 
experiments  on  the  frog's  egg  he  sometimes  found  the  median  plane 
of  the  embryo  coinciding  with  the  second  plane  of  cleavage,  he 
thought  that  the  two  planes  could  be  interchanged  as  a  result  of 
some  sort  of  » anachronism  <  of  the  cleavage. 

Hertwig  in  1893  criticised  severely  Roux's  conclusion,  and 
stated  that  while  in  many  instances  the  planes  of  cleavage  coincide 
with  the  planes  of  the  embryo,  yet  there  is  no  causal  dependence 
of  the  two  phenomena  on  each  other,  but  both  are  connected  with 
the  » organization  of  the  egg«. 

Eycleshymer  ('95)  concluded  that  in  the  frog,  and  in  some  other 
vertebrates  »no  cleavage  furrow  ....  bears  a  fixed  relation  to  the 
future  median  plane  of  the  embryo*.  Kopsch  ('95)  found,  as  had 
Born  ('93)  and  Hertwig  ('93),  that  in  eggs  held  between  two  parallel 
compressing  plates  there  is  no  absolute  relation  between  the  first 
furrow  and  the  median  plane  of  the  embryo,  although  Roux  claimed 
('94)  that  the  two  planes  coincided  in  80  %  of  cases.  In  the  same 
year  Roux  objected  to  his  conclusions  from  compressed  eggs  being 
extended  to  the  normal  egg. 

Kopsch  ('95)  made  photographs  of  eggs  under  normal  conditions, 
and  found  that  even  with  the  greatest  precautions  the  eggs  shift 
their  position  during  cleavage.    In  1900  he  gave  a  detailled  account 
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of  these  experiments,  and  concluded  that  Roux^s  methods  conld  not 
have  given  exact  results.  He  agrees  with  the  view  that  the  shift!  Dg 
of  the  blastomeres  daring  cleavage  makes  it  impossible  that  an 
exact  coincidence  between  the  two  planes  could  exist,  but  admits 
that  »within  certain  limits  (not  yet  definitely  determined)  a  certain 
relation  is  found  between  the  first  plane  of  cleavage,  the  median 
plane  of  the  embryo,  and  the  organisation  of  the  egg  as  shown  by 
the  work  of  Roux,  Born,  Hertwig,  0.  Schultze,  Morgan  and 
Ume  Tsuda,  and  others  with  which  my  own  experience  agrees*. 

This  review  of  the  literature  shows  that  while  the  first  plane 
of  cleavage  of  the  frog's  egg*)  often  coincides  more  or  less  with 
the  median  plane  of  the  body,  yet  the  two  do  not  invariably  do 
so,  and  since  normal  embryos  arise  under  all  degrees  of  divergence 
the  importance  of  the  Newport-Pfluger-Koux  discovery  seems  not 
to  be  so  great  as  was  once  supposed.  That  there  is  any  necessary 
connection  between  the  two  planes  under  discussion,  in  the  sense 
that  the  position  of  the  one  is  dependent  upon  that  of  the  other, 
seems  certainly  disproven.  This  conclusion  can  be  most  easily  de- 
monstrated by  altering  the  sequences  of  the  cleavage  planes  by  com- 
pressing the  egg.  Pfluger  first  instituted  this  method  of  experiment, 
and  it  has  been  repeated  by  Roux,  Born,  Schultze,  and  others. 
The  main  result  is  that  by  compressing  the  egg  so  that  its  form  is 
changed  the  position  of  the  cleavage  planes  is  different  from  the  normal, 
and,  in  consequence,  the  distribution  of  the  nuclei,  so  far  as  the  se- 
quence of  their  formation  is  concerned,  is  different  from  that  of  the 
normal  egg.  Nevertheless,  a  normal  embryo  develops.  It  has  not,  un- 
fortunately, been  definitely  ascertained  whether  the  embryo  appears 
in  the  same  position  on  the  compressed  egg  as  on  the  normal  egg. 

A  wide  divergence  of  opinion  also  exists  as  to  the  meriodional 
position  of  the  embryo  on  the  egg.  PplI^ger  and  Roux  (in  later 
papers)  were  convinced  that  the  embryo  lies  over  the  lower  hemi- 
sphere of  the  egg,  and  not  on  the  black  hemisphere  as  had  been 
previously  supposed.  The  material  from  which  the  embryo  forms  is 
not,  however,  that  of  the  white  cells  of  the  lower  hemisphere,  but 


*)  I  have  intentionally  omitted  references  to  the  urodele  amphibia.  In-  the 
axolotl  Rauber  ('86;  believed  the  second  plane  of  cleavage  to  coincide  with 
the  median  plane,  and  Hertwig  obtained  the  same  result  for  Triton,  Jordan 
('94)  for  the  newt,  and  v.  Ebner  for  Triton.  Clapp  ('91}  determined  in  the 
teleost,  Batrachus,  and  Morgan  '93]  in  Ctenolabrus,  that  there  is  no  agreement 
at  all  between  the  planes  of  cleavage  and  embryonic  axes. 
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it  is  formed  from  the  darker  cells  that  grow  over  the  lower  hemi- 
sphere during  the  process  of  gastmlation.  It  was  pointed  out  by 
Morgan  ('91)  and  later  by  Morgan  and  Tsuda  ('93)  that  during 
the  later  cleavage-period  the  cells  in  the  upper  parts  of  the  white 
hemisphere  become  more  deeply  pigmented,  and  that  there  is  a 
progressive  splitting  off  of  small  black  cells  which  are  added  to 
those  already  present  in  the  upper  hemisphere^).  These  new  cells 
form  a  part  of  the  ectoderm  of  the  embryo.  As  a  result  of  this 
change,  the  egg  is  more  pigmented  superficially  at  the  time  of 
gastrulation  than  when  cleavage  first  began.  Consequently  when  the 
dorsal  lip  appears  below  the  equator  of  the  egg  it  stands  just  below  2) 
the  advancing  edge  of » pigment  on  that  side  of  the  egg  on  which 
the  grey  crescent  was  present.  In  regard  to  the  last  point  Roux, 
ScHULTZE,  Morgan  and  Tsuda,  and  H.  V.  Wilson  are  in  complete 
agreement.  It  is  not  improbable,  however,  that  the  coincidence  be- 
tween the  position  of  the  middle  point  of  the  grey  crescent  and  of  the 
blastopore  is  only  approximate,  as  shown  by  Morgan  and  Tsuda**). 
The  author  has  also  within  a  year  determined  beyond  a  question 
that  in  Rana  palustris  the  blastopore  appears  on  the  crescent-side 
of  the  egg. 

ScHULTZE  has  stoutly  maintained  the  older  view,  viz.,  that  the 
embryo  is  formed  on  the  dark  hemisphere,  while  other  writers  have 
tried  to  show  that  the  embryo  develops,  in  part,  out  of  the  dark 
hemisphere,  and  in  part  over  the  white  hemisphere.  In  order  to 
examine  the  evidence  advanced  for  these  different  opinions  it  will 
be  necessary  to  enter  somewhat  more  fully  into  the  process  of 
gastrulation  of  the  frog's  egg. 

On  that  side  of  the  egg  where  the  grey  crescent  appears  the 
cells  are  smaller  than  on  the  opposite  side  at  a  corresponding  distance 
below  the  highest  point  of  the  egg.  Roux  was,  I  believe,  the  first 
to  make  this  observation.  Even  after  the  second  cleavage  be  ob- 
served that  the  two  cells  on  the  crescent   side  were  smaller  than 


*)  H.  V.  Wilson  ('02)  has  confirmed  this  result. 

2}  The  relation  of  the  dorsal  lip  to  the  edge  of  pi^ent  is  undoubtedly 
different  in  different  forms,  although  it  seems  probable  that  the  blastopore 
appears  on  the  same  side  in  all  cases. 

3)  H.  V.  Wilson  has  followed  Eycleshymer  in  ascribing  to  Morgan  the 
opposite  point  of  view  from  that  which  he  really  held,  due  probably  to  a  mis- 
understanding of  what  was  meant  by  the  dark  and  light  sides  of  the  egg.  In 
reality  both  Wilson  and  Eycleshymer  confirm  the  view  held  by  Roux, 
ScHULTZE,  and  Morgan.    Kopsch  also  came  to  the  same  conclusion. 
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those  of  the  opposite  side.  Scuultze  also  discribed  in  '87  the 
smaller  cells  on  the  lighter  side  of  the  egg  of  Rana  fasca.  Morgan 
and  TsuDA  have  found  a  somewhat  diflferent  relation  to  exist  in  the 
egg  of  Rana  sylvatica  and  Rana  palustris.  They  found  that,  as  a 
rule,  one  of  the  upper  four  cells  of  tlie  eight-cell  stage  is  smaller 
than  any  of  the  others.  Its  vis-a-vis  is  generally  the  largest.  The 
smallest  cell  lies  nearest  the  top  of  the  grey  crescent.  Some- 
times, however,  two  of  the  cells  on  the  crescent  side  are  smaller 
than  the  opposite  two.  The  later  cells  on  this  side  of  the  egg 
are  also  smaller  than  those  on  the  opposite  side.  At  the  four-cell 
stage  no  differences  in  the  size  of  the  cells  can  be  observed,  as 
Roux  maintained,  except  sometimes  in  eggs  that  depart  markedly 
from  the  general  type.  Not  only,  according  to  Morgan  and  Tsuda, 
does  the  first  cleavage  often  fail  to  divide  symmetrically  the  grey 
crescent,  but  the  position  of  the  smaller  cells  at  the  eight-cell  stage 
also  varies,  as  stated  above,  in  relation  to  the  crescent. 

In  general,  most  authors  are  agreed  that  the  dorsal  lip  of  the 
blastopore  appears  beneath  the  equator  of  the  egg,  and  on  that  side 
of  the  egg,  as  has  just  been  stated,  on  which  the  grey  crescent  was 
seen  at  first.  On  the  opposite  side  of  the  egg,  owing  in  part  to  the 
obliquity  of  the  egg  axis,  the  pigment  extends  somewhat  further 
down  towards  the  lowest  point  of  the  egg.  In  regard  to  the 
exact  distance  below  the  equator  at  which  the  dorsal  lip  of  the 
blastopore  appears  there  may  be  differences  in  different  species. 
The  lip  has  been  variously  located  at  or  near  the  equator,  to  as 
far  down  as  45  degrees  below  that  level. 

We  come  now  to  the  much  disputed  question  of  the  change* 
that  take  place  during  the  formation  of  the  blastopore  and  during  its 
closure.  Roux  and  Pflugek  supposed  that  the  dorsal  lip  of  the 
blastopore  advances  nearly  180  degrees  over  the  lower  hemisphere, 
and  that  the  embryo  (as  judged  by  the  length  of  the  dorsal  nerve  plate! 
extends  for  a  similar  length  over  the  lower  hemisphere.  Scuultze 
has  contended  repeatedly  that  the  dorsal  lip  remains  stationary,  and 
that  the  embryo  is  formed  in  front  of  it  on  the  black  hemisphere. 
The  apparent  advance  of  the  dorsal  lip  as  it  approaches  the  lowest 
part  of  the  egg  during  gastrulation  is  due,  he  believes,  to  a  rotatiou 
of  the  whole  egg,  which  is  the  result  of  a  change  of  its  center  of 
gravity  during  the  formation  of  the  archenteron. 

A  number  of  observers  all  agree  that  Schultze  is  wrong  in 
his  contention.    They  agree  that  an  actual  advance   ot   the  dorsal 
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lip  takes  place,  bnt  they  disagree  amongst  tl^mselves  as  to  the 
extent  of  the  overgrowth.  The  evidence  on  which  their  conclusions 
rest  is  derived  from  several  sources,  and  needs  careful  consideration. 
We  may  examine  this  evidence  under  the  following  headings; 
1)  Results  from  sticking  various  regions  of  the  egg;  2)  Results  from 
holding  the  egg  in  a  fixed  position  between  glass-plates,  or  by 
preventing  the  membranes  from  swelling;  3)  Results  from  certain 
abnormal  embryos  showing  Asyntaxia  meduUaris  (or  Spina  bifida, 
Hertwig). 

1)  Roux  first  tried  the  experiment  of  sticking  eggs  in  various 
regions  in  order  to  see  if  the  resulting  embryos  would  show  defects 
corresponding  to  the  region  injured.  If  His'  principle  of  localized 
germ-forming  areas  (>organbildenden  Keimbezirke«)  is  correct,  the  loss 
of  a  part  of  the  egg  might  lead  to  localized  defects  in  the  embryo, 
—  provided  regenerative  changes  did  not  take  place.  Roux's  first 
results  were  far  from  satisfactory,  for  the  following  reasons.  First, 
because  large  injuries  were  made  which,  no  doubt,  would  make  the 
development  abnormal  to  such  an  extent  that  it  would  be  unsafe 
to  draw  conclusions  from  the  results;  2)  because  many  of  the  injuries 
were  made  during  the  early  segmentation  stages,  so  that  a  long  time 
elapsed  before  the  embryo  was  formed,  and  during  this  time  » self- 
regulative  <  changes  might  take  place;  and,  3)  because  it  seems  not 
improbable  that  some  of  the  results  were  due  to  a  shifting  of  the 
extra-ovate.  Roux's  critics  have  not  been  slow  in  pointing  out  these 
possible  sources  of  error.  Roux's  later  experiments  are  not,  however, 
open  to  the  same  extent  to  these  criticisms,  and  strongly  support  his 
contention  that  the  embryo  develops  over  the  lower  hemisphere. 

ScHULTZE,  in  '89,  carried  out  a  series  of  experiments  of  some- 
what the  same  kind.  Quite  small  injuries  were  made  with  a  needle, 
or  by  the  application  of  a  small  drop  of  acid.  In  other  cases  natural 
markings  of  the  egg  were  used  as  orienting  points.  Schultze's 
conclusions  based  on  these  experiments  are  the  opposite  of  those  of 
Roux,  and  he  tries  to  show  once  more  that  the  embryo  lies  on  the 
black  hemisphere.  Amongst  other  results  Sciiultze's  observations 
show  definitely  that  the  dorsal  lip  of  the  blastopore  approaches  any 
marks  that  may  be  present  on  the  lower  hemisphere.  He  explains 
this  as  due  to  the  forward  movements  of  the  yolk  cells  towards  the 
dorsal  lip  as  the  process  of  gastrulation  takes  place  ^j.    Schultze 


<}  EopscH^s  photographs  show  that  such  a  movement  does  actually  take  place. 

Arehiv  t  Entwickelnngsmechanik.    XV.  X7 


252  T.  H.  Morgan 

explained  the  sinking  down  of  the  dorsal  lip,  that  takes  place 
during  this  time,  as  the  result  of  a  rotation  of  the  whole  egg  in  this 
direction.  He  found  that  marks  on  the  black  hemisphere  of  the 
egg  hold  approximately  their  position  in  respect  to  the  blastopore; 
and  from  this  he  infers  that  the  dorsal  lip  is,  morphologically,  a 
fixed  point.  Sciiultze's  argument  appears  faultless,  but  is  not, 
I  believe,  beyond  criticism.  He  admits  an  advance  of  the  dorsal 
lip,  and  tries  to  account  for  it  by  a  rotation  of  the  whole  egg,  but 
he  fails  to  show,  I  think,  from  the  evidence  of  the  marks  that  the 
whole  egg  does  rotate.  Several  of  his  observations,  in  which  the 
markings  were  in  the  upper  hemisphere,  show  that  the  dorsal  lip 
increases  its  distance  from  them  as  development  proceeds.  This  can 
not  be  explained  on  his  view.  He  leaves  out  of  account  the  behavior 
of  the  ventral  lip  of  the  blastopore  which  appears  about  100  degrees  from 
the  dorsal  lip.  Since  the  dorsal  and  ventral  lips  ultimately  come  very 
near  together  we  must  suppose,  on  Schultze's  view,  that  the  ventral 
lip  advances,  or  is  carried  over  100  degrees.  There  is  no  evidence  forth- 
coming to  show  that  such  an  advance  takes  place,  and  much  evidence 
to  show  that  the  actual  advance  is  very  much  less  than  this  amount 

Morgan  and  Tsuda  carried  out  a  number  of  sticking  experiments 
and  arrived  at  a  conclusion  which  in  the  main  supported  Roux's  and 
Pfluger's  view,  viz.,  that  the  embryo  forms  over  the  lower  hemi- 
sphere. They  thought  that  only  the  anterior  end  of  the  head  is  formed 
from  the  region  in  front  of  the  dorsal  lip.  In  one  important  point 
they  differed  from  the  IIoux-Pflugeu  view.  They  found  that  the 
entire  length  of  the  embryo,  when  it  first  appears,  is  only  120  degrees 
of  the  periphery  of  the  egg,  hence  since  the  anterior  end  of  the 
embryo  lies  in  front  of  the  first  position  of  the  dorsal  lip  the  advance 
of  the  latter  must  be  less  than  120  degrees,  and  probably  not  more 
than  100  or  110  degrees.  This  conclusion  also  agrees  witli  the  actual 
results  of  their  observations  as  to  the  extent  of  the  advance  of  the 
dorsal  lip.  If,  in  fact,  the  dorsal  lip  advances  over  180  degrees,  as 
claimed  by  Roux,  it  would  cover  a  region  greater  than  that  on  which 
the  embryo  is  at  first  formed,  and  this  stands  in  contradiction  to 
Roux's  statement  that  the  anterior  end  of  the  embryo  lies  just  in 
front  of  the  region  at  which  the  dorsal  lip  appears.  Later  writers 
have  also  confirmed  the  view  that  the  advance  of  the  dorsal  lip  is 
less  than  that  supposed  by  Roux.  We  may  consider,  in  sequence, 
the  views  of  other  workers,  that  bear  on  this  point. 

In    a    paper   in  '94   Morgan   gave    some    further   observations 
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supporting  his  earlier  view.  A  new  series  of  experiments  were  car- 
ried out  with  the  purpose  of  determining,  whether  the  material  of  the 
dorsal  lip  advances  backwards  along  the  sides  to  produce  the  lateral 
lips  of  the  blastopore,  or  whether  the  latter  are  formed  in  situ. 
The  results  showed  that  the  latter  alternative  is  true.  The  experiment 
also  has  a  bearing  on  the  production  of  embryos  with  asyntaxia 
medullaris,  since  it  makes  probable  the  view  that  these  embryos  are 
not  formed  by  a  backward  migration  of  the  material  of  the  dorsal 
lip  along  the  sides,  but  that  they  develop  from  material  already  in 
position  to  form  the  sides  of  the  embryo.  This  view  indicates  that 
Schultze's  contention,  that  the  embryos  with  asyntaxia  medullaris  are 
formed  by  a  process  totally  different  from  the  normal  process  of 
development,  is  without  foundation. 

AssHETON  carried  out  some  sticking  experiments  in  '95  and  con- 
cluded from  them  that  the  dorsal  lip  advances  not  more  than  60  to 
70  degrees,  and  that  quite  a  large  part  of  the  anterior  end  of  the 
embryo  forms  anterior  to  the  first  position  of  the  dorsal  lip.  His 
figures  indicate  that  this  region  is  about  60  degrees  in  length,  or 
half  the  length  of  the  early  embryo. 

In  the  same  year  Eycleshymer  published  the  results  of  a 
number  of  experiments  of  this  same  kind.  His  results,  obtained  by 
injuring  the  egg  at  the  four-cell  stage,  and  during  the  early  cleavage, 
are  quite  inconstant.  He  concludes  from  his  experiments,  nevertheless, 
that  the  greater  portion  of  the  embryo  (Acris  grillus  and  Bufo  lenti- 
ginosus)  lies  anterior  to  the  first  position  of  the  blastopore,  and  ex- 
tends to  the  black  pole  of  the  egg.  King  (see  infra)  who  has  re- 
cently carried  out  a  large  number  of  experiments  on  Bufo  gives 
strong  reasons  for  dissenting  from  Eycleshymek's  conclusions. 

Bertacchini  ('99}  also  made  numerous  sticking  experiments, 
and  concluded  from  them  that  the  dorsal  lip  moves  over  nearly 
180  degrees. 

H.  V.  Wilson  ('00)  carried  out  some  sticking  experiments  on  the 
eggs  of  Chorophilus  feriarum.  He  also  made  a  number  of  observa- 
tions on  the  movements  of  marked  cells.  The  yolk-ccUs,  adjacent 
to  the  dorsal  and  ventral  lips,  were  observed  to  disappear  under  the 
lips.  Ectoderm  cells  close  to  the  dorsal,  or  to  the  ventral  lips  were 
seen  to  disappear  around  the  edge  of  the  lip  as  they  were  rolled 
under.  Wilson  found  that  the  dorsal  lip  appears  15  degrees  below 
the  equator  of  the  egg,  and  travels  25  degrees  over  the  yolk  before 
the  ventral  lip  appears.    The  distance  at  this  time  between  the  two 
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lips  is  about  95  degrees,  which  is  subsequently  covered,  in  part,  by 
the  further  backgrowth  of  the  dorsal  lip,  and,  in  part,  by  the  for- 
ward growth  of  the  ventral  lip.  If  the  rate  of  advance  of  the  two 
lips  is  the  same,  as  the  author  believes,  and  as  Morgan  had  also 
described,  the  dorsal  lip  must  travel  in  all  25  +  V2  •  95  =  72  degrees. 
Since  Wilson  thinks  that  the  young  embryo  covers  at  first  120  degrees 
this  will  leave  48  degrees  for  the  part  of  the  embryo  that  develops  in 
front  of  the  first  position  of  the  dorsal  lip.  This  means  that  somewhat 
more  than  one-third  of  the  embryo  is  formed  in  front,  and  about  two 
thirds  by  the  backgrowth  of  the  dorsal  lip.  The  anterior  end  of  the 
embryo  will  extend  33  degrees  above  the  equator  of  the  egg,  and  not 
95  degrees  as  claimed  by  Eycleshymer.  There  is  one  point  in  these 
results  that  appears  to  me  open  to  criticism,  viz.,  that  insufficient  allow- 
ance is  made  for  the  thickness,  or  depth  of  the  inturned  edge  of  the 
ventral  lip,  and,  therefore,  too  great  a  distance  is  assigned  to  the  ad- 
vance of  the  ventral  lip.  If  we  allow  one-third  of  the  supposed  advance 
of  471/2  degrees  of  the  ventral  lip  for  the  depth  of  the  wall,  it  leaves 
about  16  degrees  to  be  added  to  the  advance  of  the  dorsal  lip,  making 
the  latter  advance  25  +  47  V2  +  16  degrees,  or  88  degrees.  My  own 
opinion  is  that  this  is  near  the  actual  distance  travelled  by  the 
dorsal  lip  of  the  embryo  of  some  species  at  least,  and  may  even 
fall  short  of  the  real  distance  which  appears  to  be  somewhere  near 
100  degrees,  or  a  little  less. 

King  ('02),  who  has  quite  recently  made  sticking  experiments  on 
the  toad's  egg,  finds  that  the  anterior  end  of  the  embryo  is  formed  in 
front  of  the  first  position  of  the  dorsal  lip,  and  that  the  advance  of 
the  dorsal  lip  is  about  120  to  140  degrees.  The  embryo  when  first 
formed  being  longer  than  that  of  the  frog,  and  covering  about  180 
degrees  of  the  circumference  of  the  egg. 

In  conclusion  it  may  be  stated  that  while  the  results  of  these 
diff'erent  writers  are  so  much  at  variance  as  to  indicate  that  the 
sticking  method  can  not  be  relied  upon  as  entirely  accurate,  yet, 
they  show  that  if  the  method  is  used  with  caution  it  may  furnish 
additional  data  for  determining  the  location  of  the  frog's  embrj'o. 
It  will  be  observed  that  all  the  later  writers,  with  the  exception  of 
Bertacciuni  (whose  results  do  not  appear  to  me  convincing)  make  the 
distance  travelled  by  the  dorsal  lip  much  less  than  the  180  degrees 
postulated  by  Roux's  hypothesis.  The  results  also  show,  beyond  much 
doubt,  that  the  posterior  part  of  the  embryo  is  formed  by  the  back- 
ward growth  of  the  dorsal  lip.     How  much  of  the  embryo  is  formed 
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in  front  of  the  first  position  of  the  dorsal  lip  is  still  a  matter  of 
dispute,  and  seems  to  differ,  to  some  extent,  in  different  species. 
The  evidence  at  hand  makes  it  improbable  that  the  embryo  extends 
to  the  black  pole,  or  even  to  the  top  of  the  egg,  and  it  seems  quite 
certain  that  Schultze  is  wrong  in  his  view  that  the  whole  embryo 
lies  on  the  black  hemisphere. 

2)  By  adding  only  enough  water  to  allow  the  egg-membranes  to 
partially  swell  the  egg  may  be  held,  in  some  cases,  in  any  desired 
position,  as  first  shown  by  Pfluger.  Both  PflOger  and  Roux  have 
made  use  of  this  method  to  determine  the  position  of  the  embryo  on 
the  egg.  The  method  has  also  been  used  in  connection  with  com- 
pressing glass  plates.  Schultze  has  put  in  a  disclaimer  against  the 
evidence  derived  from  this  source.  He  first  urged  that  the  condition 
being  abnormal,  we  can  draw  no  inference  from  the  result  as  to 
what  happens  in  normal  development,  but  this  really  begs  the  question. 
Nevertheless  there  can  be  no  doubt  that  the  method  can  only  be 
employed  with  great  caution.  Later  ('80)  Schultze  tried  to  show 
that,  under  the  condition  of  this  experiment,  the  egg,  if  turned  into 
an  abnormal  position,  either  rotates  back  into  a  normal  position,  in 
which  case  it  continues  to  develop  normally,  or  else,  if  it  remains 
in  an  abnormal  position,  it  dies.  These  experiments  were  carried 
out,  it  is  true,  rather  to  determine  the  influence  of  gravity  on  de- 
velopment than  to  show  the  inaccuracy  of  the  method  as  applied  by 
Roux,  Born,  Hertwig  and  others,  but  if  Schultze  is  correct  his 
view  renders  invalid  the  evidence  in  regard  to  the  position  of  the 
embryo  on  the  egg.  Since  it  has  been  clearly  shown  by  Roux  ('00)  and 
more  recently  by  Kathariner,  that  Schultze's  main  contention  in 
regard  to  the  necessity  of  gravity  as  a  factor  of  development  is  wrong, 
we  can  perhaps  also  dismiss  Schultze's  other  contention  in  regard  to  the 
location  of  the  embryo.  Tt  must  be  admitted,  however,  that  Schultzb's 
careful  observations  show  how  difficult  it  is  to  keep  eggs  that  are  de- 
veloping fixed  in  an  abnormal  position^).  He  has  undoubtedly  pointed 
out  a  weak  spot  in  the  experimental  evidence  from  this  source. 

3)  Abnormal  embryos  of  the  frog  arc  sometimes  found  in  which 
the  yolk-mass  of  the  lower  hemisphere  lies  exposed,  to  a  greater  or 
less  extent,  along  the  mid -dorsal  line  of  the  embryo  between  the 
halves  of  the  medullary  folds  that  extend  around  the  exposed  yolk. 

1)  Except  when  the  egg  is  placed  obliquely  at  an  early  stage  when  a 
rotation  of  the  contents  takes  place  as  shown  by  Born  ('83).  Such  eggn  are, 
of  coarse,  worthless  for  determining  the  normal  position  of  the  embryo. 


256  T.  H.  Morgan 

Koux  was  the  first  to  describe  embryos  of  this  kind,  and  drew  atten- 
tion to  their  importance  in  throwing  light  upon  the  normal  develop- 
ment. He  describes  these  abnormalities  as  embryos  having  the  con- 
dition of  spina  bifida.  They  were  found  more  often  in  bunches 
of  eggs  laid  towards  the  end  of  the  breeding  season. 

Moiif4AN  ('93)  produced  these  embryos  artificially  by  adding  0,6  per 
cent,  of  sodium  chloride  to  the  water  in  which  the  eggs  were  de- 
veloping. Bataillon  ('01)  has  also  described  embryos  of  this  sort 
from  eggs  placed  in  salt-solutions. 

Many  similar  forms  will  be  described  in  the  second  part  of 
this  paper.  They  were  also  produced  by  artificial  means,  viz.  by 
subjecting  the  eggs  to  a  centrifugal  force  under  conditions  somewhat 
diflferent  from  those  employed  by  Hertwig  ('98). 

In  some  of  the  spina  bifida  embryos  the  dorsal  exposure  of 
yolk  is  confined  to  a  relatively  small  extent  of  the  dorsal  surface, 
while  in  others  the  embryos  appear  to  be  split  open  along  the  mid- 
dorsal  line  from  the  anterior  connective  of  the  brain  to  the  anus 
at  the  posterior  end,  as  shown  in  Fig.  53.  An  embryo  of  this  sort 
extends  as  a  ring  around  the  equator  of  the  egg,  or  just  below  the 
equator  in  some  cases.  Each  half,  therefore,  covers  nearly  180  de- 
grees of  the  circumference.     I  shall  speak  of  them  as  ring-embryos. 

Roux  concluded  that  these  embryos  arise  from  the  same  material 
as  does  the  normal  embryo,  and  that  this  material  is  in  the  form 
of  a  ring  around  the  equator  of  the  eggj  and  is  180  degrees  in 
length  on  each  side.  He  supposed  that  this  material  advances  over 
the  white  hemisphere  during  the  period  of  overgrowth  of  the  blas- 
topore, and  the  two  halves  uniting,  fuse  to  give  rise  to  the  material 
of  the  dorsal  side  of  the  embryo.  If,  however,  the  early  embryo 
only  extends  over  120  degrees,  as.  certain  observations  referred  to 
above  seem  to  show,  how  can  this  fact  be  brought  into  harmony 
with  Roux's  view?  We  might  assume  that  while  at  first  the  material 
to  form  the  embryo  extends  over  180  degrees  it  draws  together  as 
it  grows  over  the  lower  hemisphere  until  it  covers  not  more  than  120 
degrees  of  the  surface.  On  the  other  hand  we  might  assume  that  the 
spina  bifida  embryo  is  formed  out  of  material  higher  up  on  the 
egg  than  is  that  from  which  the  normal  embrj'o  is  produced.  Or 
again  we  might  attempt  to  make  the  results  consistent  by  taking 
into  account  the  advance  of  the  lower  lip.  If,  for  example,  it  could 
be  shown  that  the  latter  advances  60  degrees  (or  even  something 
less)  the  harmony   of  the  two  rosults  might   be    established.     This 
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would  only  be  the  case,  however,  on  the  supposition  that  by  the 
length  of  the  embryo  we  mean  both  the  region  in  front  of  the  point 
of  final  closure  of  the  blastopore  as  well  as  that  behind  the  latter. 
Let  us  consider  these  possibilities  in  turn. 

1)  There  is  no  evidence  showing  that  daring  the  overgrowth 
there  is  a  concentration  in  length  of  the  material  that  forms  the 
dorsal  side  of  the  embryo,  and  there  is  a  good  deal  of  evidence 
showing  that  a  part  of  the  anterior  end  of  the  embryo  lies  in  front 
of  the  first  position  of  the  blastopore.  The  extent  of  this  pre-blasto- 
poric  region  is  diflferently  estimated  by  various  writers.  If  any  con- 
siderable amount  of  the  anterior  end  lies  in  the  pre-blastoporic  region, 
then,  since  it  can  be  shown  beyond  question  that  the  distance  be- 
tween the  points  of  formation  of  the  dorsal  and  the  ventral  lips  is 
over  a  hundred  degrees  (and  probably  as  much  as  120  degrees),  it 
follows  that  the  embryonic  material  must  really  shorten  ^)  since  its 
length  is  only  120  degrees  when  the  embryo  first  appears.  If  this 
is  not  gninted  it  follows  that  we  can  not  extend  the  evidence  from 
the  spina  bifida  embryos  towards  explaining  the  length  of  the  normal 
embryo.  That  this  is  really  the  case  will  be  shown  when  these  spina 
bifida  embryos  are  farther  examined. 

2)  It  can  be  shown,  I  think,  that  the  spina  bifida  embryos 
sometimes  form  so  high  up  on  the  egg  that  it  is  quite  impossible 
that  they  are  produced  out  of  the  same  material  that  goes  to  make 
the  normal  embryo.  This  point  was  urged  by  Morgan  in  1894,  when 
he  tried  to  show  that  Roux's  conclusion  in  regard  to  these  embryos  is 
erroneous.  Not  that  some  of  the  material  for  the  normal  embryo  may 
not  be  laid  down  as  a  ring,  but  that  the  material  is  from  different  parts 
of  the  egg  in  the  two  cases.  A  careful  examination  of  the  eggs  from 
which  the  spina  bifida  embryos  develop  shows  that  the  delamination 
of  cells  below  the  equator  is  retarded,  so  that  at  the  time  when  the 
ring  embrj'o  is  formed,  the  black-wliite  edge  is  higher  up  than  in 
the  normal  egg.  The  lips  of  the  blastopore  extend  along  this  edge, 
as  shown  in  Fig.  53  and  above  the  lips  the  material  to  produce  the 
halves  of  the  embryo  begins  to  differentiate.  This  accounts  for  the 
great  length  of  the  ring-embryos  when  the  lips  of  the  blastopore  en- 
circle the  equator  of  the  egg.  An  embryo  of  this  sort  is  only  ideally 
comparable  with  the  normal,  in  the  sense  that  in  both  cases  some 
of  the  material  appears  in  the  form  of  a  ring,  but  it  is  quite  different 

1)  Even  after  the  greatest  possible  deduction  for  the  advance  of  the  posterior 
lip  has  been  made. 
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material  in  the  two  eases  that  produces  the  embryo.  There  is  no  pre- 
formed material  that  is  common  to  the  two  kinds  of  embryos;  there 
is  only  an  ideal  scheme  of  development  followed  oat  in  somewhat 
the  same  way  in  both  cases. 

The  point  of  special  importance  is  that  the  position  of  the  dor- 
sal lip  itself  may  be  in  some  cases  higher  np  on  the  abnormal  egg 
than  on  the  normal,  hence  we  can  not  infer  from  these  spina  bifida 
embryos  how  much  of  the  embrjo  of  the  normal  egg  lies  in  front 
of  the  first  position  of  the  blastopore.  However,  it  is  not  im])robable 
even  if  the  blastopore  first  appeared  in  its  normal  position  that  if  the 
lateral  edge  of  the  blastopore  formed  abnormally  high  up  on  the  egg 
less  of  the  anterior  end  of  the  embryo  might  appear  in  front  of  the 
blastopore  than  it  does  in  the  normal  egg.  This  latter  point  is, 
however,  largely  hypothetical. 

3)  In  regard  to  the  advance  of  the  ventral  lip  it  must  be  ad- 
mitted that  in  the  spina  bifida  embryos  this  also  lies  open  and 
its  sides  add  themselves  to  the  rest  of  the  ring  and  make  the  em- 
bryonic region  longer.  If  the  ventral  lip  advances  to  the  extent 
claimed  by  H.  V.  Wilson,  viz.,  47^2  degrees  this  would  make  the 
discrepancy  between  the  length  of  the  spina  bifida  and  the  normal 
embryo  less  than  appears  at  first  sight;  for,  if  w^e  admit  that  the 
dorsal  lip  travels  over  120  degrees,  and  add  to  this  47^/2  degrees, 
this  amounts  to  167^/2  degrees,  or  roundly  170  degrees.  It  must  be 
pointed  out,  however,  that  Wilson  himself  does  not  think  that  the 
dorsal  lip  covers  as  much  as  120  degrees,  and  it  seems  to  me  im- 
probable that  the  ventral  lip  advances  as  much  as  Wilson  sup- 
poses, so  that  I  can  not  accept  this  solution  of  the  difficulty,  but 
believe,  as  stated  in  the  last  section  (2),  that  the  extreme  forms 
of  the  spina  bifida  embryos  lie  higher  up  on  the  egg  than 
docs  the  material  of  the  normal  embryo. 

In  farther  support  of  my  view  I  should  like  to  call  attention 
to  the  following  facts.  In  one  of  Morcmn's  ('94)  figures  (Plate  24, 
Fig.  XVIII)  the  ring  embryo  lies  above  the  equator  of  the  egg,  and 
the  anterior  end  of  the  embryo  is  already  nearly  45  degrees  in 
length.  If  the  posterior  end  of  the  open  ring  represents  the  posterior 
end  of  the  embryo  the  latter  would  represent  something  like  45  -|- 
190  degrees,  or  235  degrees  of  the  surface.  This  is,  of  course,  an 
absurd  estimate  and  shows,  as  I  ])ointed  out,  that  the  evidence  from 
these  embryos  can  not  be  strictly  applied  to  an  interpretation  of  the 
normal  dcvelopnicut. 
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We  can,  of  coarse ,  deny  that  in  this  case  the  posterior  end  of 
the  open  ring  represents  the  posterior  end  of  the  embryo,  bnt  a 
comparison  ot  this  with  other  similar  embryos  leaves  no  opportunity 
of  escape  in  this  direction. 

In  another  figure  given  by  Morgan  ('94)  (Plate  24,  Fig.  XIX), 
an  embryo  is  drawn  in  which  the  anterior  part  extends  over  at  least 
100  degrees;  yet  as  shown  in  this,  and  also  in  the  following  Fig.  XX, 
the  blastopore  is  open  over  an  area  measuring  at  least  95  degrees; 
and  in  addition  a  part  of  the  posterior  end  is  also  formed.  In  this 
case  it  may  fairly  be  claimed  that  the  anterior  end  has  begun  to 
elongate,  so  that  it  is  longer  than  when  first  laid  down,  but  since 
the  egg  is  still  round  it  seems  to  me  that  this  argument  does  not 
have  much  weight,  and,  in  any  case,  the  same  interpretation  can 
not  be  applied  to  the  other  embryo  mentioned  above. 

In  conclusion  we  may  sum  up  the  evidence  in  this  section  in 
the  statement,  that  while  Roux,  Morgan  and  Hertwig  appear  to 
be  justified  in  assuming  that  the  evidence  from  these  embryos  indicates 
with  some  probability  that  the  normal  embryo  develops  in  part  as 
a  ring  which  closes  over  the  lower  hemisphere,  yet  it  is  going  too 
far  to  claim  that  the  abnormal  embryos  show  that  the  normal  embryo 
develops  from  the  same  material  that  lies  at  the  equator  of  the  egg. 
I  do  not  by  any  means  agrees  with  Schultze  in  his  belief  that  the 
evidence  from  these  embryos  is  worthless  as  bearing  on  the  normal 
development.  On  the  contrary  the  evidence  is  of  value,  but  only  of 
relative  value,  and  is  to  the  used  with  caution.  Taken  by  itself  it 
may  be  inconclusive,  but  taken  in  connection  with  the  evidence  from 
other  sources  it  helps  to  make  probable  the  view  that  the  normal 
embryo  forms  in  part  as  a  ring  which  closes  over  the  lower  hemi- 
sphere. At  least  a  single  hypothesis  explains  both  the  ring-embryos 
and  the  normal  embryos,  and  in  this  respect  the  view  has  a  distinct 
advantage  over  that  of  Schultze  in  which  these  ring-embryos  are 
supposed  to  be  something  unique,  whose  development  can  not  be 
brought  into  harmony  with  the  normal  development. 

Gastrulation. 

No  less  fertile  in  bringing  forth  a  diversity  of  opinions  is  the 
question  of  the  gastrulation  of  the  amphibian  egg.  Since  this  topic 
lies  somewhat  outside  of  the  range  of  our  present  examination  it 
can  be  dealt  with  summarily.  There  are,  however,  for  us  one  or 
two    important   questions.      It  will  be   admitted   without  discusau\\SL 
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that  what  remains  of  the  white  hemisphere  (after  delamination  as 
far  as  the  edge  of  the  blastopore)  is  covered  over  by  the  advance 
of  the  blastopore  lips.  Scuultze  supposes  that  the  yolk  moves 
forward  under  the  dorsal  lip  (which  remains  stationary),  and  that 
the  ventral  and  lateral  lips  approach  the  dorsal  lip^).  Most  other 
writers  are  agreed  that  the  disappearance  of  the  yolk  is  brought 
about  by  an  advance  of  the  rim  of  the  blastopore,  although  some 
writers  admit  that  at  the  same  time  there  is  a  movement  of  the  volk- 
mass  itself  under  the  lips.  In  fact,  that  some  such  change  as  this 
takes  place  can  be  shown  by  the  relation  subsisting  between  the 
advancing  margin  of  the  blastopore  and  the  yolk -mass.  Curiously 
enough  this  point  has  scarcely  been  referred  to  by  those  who  have 
tried  to  explain  the  process  of  gastmlation.  Sections  of  the  egg 
show  that  tlie  lips  of  the  blastopore  are  relatively  thick  structures, 
and  if  they  grew  over  the  surface  of  the  lower  hemisphere  — 
the  latter  being  stationary  —  the  egg  would  have  a  much  greater 
diameter  at  the  end  of  gastmlation  than  before.  I  have  made 
measurements  of  the  living  egg  before  and  after  gastrulation  and 
find  that  the  diameter  is  about  the  same.  It  follows,  that  the  yolk 
must  be  drawn  into  the  interior  of  the  egg  as  the  blastoporic  lips 
advance,  and  this  withdrawal  is,  to  judge  from  appearances,  the  re- 
sult of  the  activity  of  the  yolk  itself  It  is  this  movement  which  is, 
in  all  probability',  indicated  by  Kopscii's  photographs;  and  the  evi- 
dence from  the  latter  source  can  not,  if  this  is  the  case,  be  brought 
forward  to  show  the  migration  forward  (or  backward)  of  embryonic 
material,  except,  in  so  far,  as  this  is  due  to  a  withdrawal  inwards 
as  the  blastopore  advances. 

Any  interference  with  the  withdrawal  of  the  yolk-mass  will 
interfere  with  the  overgrowth  of  the  blastoporic  lips,  and  if  the  lips 
of  the  blastopore  represent  the  sides,  or  part  of  the  sides  of  the 
embryo,  a  ring-embryo  will  result.  This  view  will  explain  how  we 
get  the  same  kinds  of  abnormalities  in  so  many  different  ways,  such 
as  by  lack  of  oxygen,  by  the  addition  of  salts  or  sugar  to  the  water, 
by  injuring  the  lower  hemisphere,  by  the  action  of  a  centrifugal 
force,  etc.  The  action  of  these  different  agents  prevents  the  withdrawal 
of  the  yolk-cells,  and,  in  consequence,  the  overgrowth  of  the  blasto- 
poric lips  is  interferred  with.     This  explanation  applies  to  all  cases 


*)  At  least   this  seems   the   only   possible   interpretation  on   Schitltze's 
view. 
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and  the  advantage  of  a  single  interpretation  of  so  many  different 
conditions  will,  I  think,  be  generally  admitted. 

During  the  period  of  withdrawal  of  the  yolk-mass  the  segment- 
ation cavity  becomes  smaller,  and  there  can  be  little  doubt  that  the 
yolk-mass  moves  into  this  space.  Wilson  especially  has  called 
attention  to  the  ingrowth  of  a  tongue  of  cells  into  the  segmentation 
cavity  in  front  of  the  anterior  end  of  the  archenteron.  This  advance 
may  be  interpreted,  as  Wilson  appears  to  interpret  it,  as  a  forward 
growth  of  the  archenteron.  On  the  other  hand  it  may  be  interpreted 
more  simply  as  due  to  the  yolk,  that  is  drawn  in,  pushing  forward 
more  rapidly  at  the  anterior  end  —  in  fact  since  the  dorsal  lip  first 
appears  at  this  end  we  should  expect  a  more  active  withdrawal  of 
yolk  in  this  part  to  make  way  for  the  advance  of  the  blastoporic 
lip.  Whether  this  involves  a  forward  extension  of  the  cavity  of  the 
archenteron  remains  still  to  be  determined.  There  is  another  possi- 
bility which  no  one  has,  as  yet,  taken  into  account,  viz.,  that  as  the 
tongue  of  cells  extends  forward  the  ventral  yolk-cells  forming  the 
anterior  floor  of  the  archenteron  may  roll  around  the  anterior  end 
of  the  archenteric  cavity,  and  come  to  lie  on  the  dorsal  and  dorso- 
lateral walls.  Without  more  data  it  would  be  useless  to  discuss  the 
possibility  of  this  interpretation. 

When  the  blastopore-lips  have  nearly  overgrown  the  lower  hemi- 
sphere, the  archenteron  is  present  as  a  narrow  space  beneath  the 
embryonic  region.  It  soon  begins  to  enlarge  and  at  this  time  the 
yolk-mass  pressing  into  the  segmentation  cavity  nearly  obliterates 
it;  and  probably  in  consequence  of  this  change  the  egg  rotates  as 
a  whole  so  that  the  embryonic  region  comes  to  the  top.  The  floor 
of  the  archenteron  is  formed  of  the  yolk-cells  which  were  at  first 
the  surface  cells  of  the  white  hemisphere.  A  part  of  the  anterior 
floor  is  also  produced  by  the  early  drawing-in  of  cells  at  the  dorsal 
lip  of  the  blastopore  ^).  According  to  Assheton  and  others  there  is 
a  splitting  between  the  yolk  cells  in  this  anterior  region,  as  a  re- 
sult of  which  the  archenteric  cavity  is  extended  forward,  but  I  do  not 
think  this  view  has  been  established. 

The  roof  of  the  archenteron  is  formed  by  those  cells  that  have 
been  turned  under  around  the  dorsal  and  lateral  lips  of  the  blasto- 
pore.   The  anterior  roof  is  formed  by  the  first  cells  that  are  rolled 


1)  A  similar  change  takes  place  at  the  lateral  and  posterior  lips  of  the 
blastopore  producing  the  cells  that  form  the  edge  of  the  floor  in  these  re^c\ia&. 
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tinder  the  dorsal  lip  of  blastopore  ^J.  As  the  lateral  lips  come  np  to 
the  middle  line  the  cells  that  have  rolled  under  their  edge  are  added 
to  those  already  in  the  mid-dorsal  line.  If  we  call  the  cells  just 
outside  of  the  blastoporic  rim  ectoderm,  then  the  roof  of  the  archen- 
teron  is  ectodermal,  but  if  we  prefer  to  call  all  the  cells  that  are 
turned  into  the  archenteron  endoderm,  then  the  dorsal  wall  is  endo- 
derm.     Ghacun  k  son  go&t. 

A  sheet  of  cells  appears  between  the  dorsal  wall  of  the  archen- 
teron and  the  ectoderm.  At  the  posterior  end  it  encircles  the  blastopore. 
This  is  the  mesoderm.  Whether  the  cells  which  make  up  this  layer 
are  rolled  in  pari  passu  with  the  inroUing  of  the  cells  around  the 
blastoporic  rim  (and  are  continuous  with  the  under-layer  of  ectoderm), 
or  whether  they  come  from  a  still  deeper  layer  lying  beneath  the  ecto- 
derm, has  not  been  definitely  determined.  In  early  stages,  when  the 
dorsal  lip  begins  to  form,  there  is  no  difiference  that  can  be  detected 
between  those  cells  that  will  form  the  under-layers  of  the  ectoderm, 
and  those  that  will  become  the  anterior  mesoderm.  Since  the  same 
condition  is  present  around  the  lateral  lips  and  at  the  posterior  lip  also, 
we  can  not  state  whether  or  not  the  early  mesoderm  is  derived  from 
the  under-layer  of  ectoderm  at  the  edge  of  the  blastopore,  or  from 
cells  present  as  such  from  the  beginning  of  invagination.  Possibly 
the  mesoderm  comes  from  both  sources,  and  certainly  in  the  later 
stages  immense  additions  are  made  to  it  from  the  outermost  layers  of 
>yolk  cells*,  by  means  of  which  the  mesoderm  extends  around  the  egg. 

It  is  also  probable  that  a  few  cells  are  later  added  to  the  me- 
soderm at  the  posterior  end  on  each  side  of  the  notochord,  as 
claimed  by  Schultze.  The  number  of  these  cells  appears  to  be 
extremely  small,  so  that  no  important  addition  to  the  mesoderm  is 
made  from  this  source,  as  claimed  by  Hertwiq. 

In  the  preceding  review  I  have  attempted  to  give  what  appears 
to  me  to  be,  at  present,  the  most  plausible  interpretation  of  the  facts, 
and  for  the  sake  of  brevity  have  avoided  giving  a  full  discussion 
of  all  the  views  that  have  been  expressed  in  regard  to  the  process  of 
gastrulation  in  the  frog's  egg.  The  bearing  of  this  discussion  will 
be  apparent  when  an  examination  of  the  abnormal  embryo  has 
been  made. 


1;  Anterior  to  tliese  cells  the  dorsal  wall  may  be  made  by  the  cells  that 
first  pull  iu  from  the  surface.  How  fiir  tliis  process  pfoes,  and  whether,  as  sug- 
gested on  page  2()1,  further  additions  are  made  at  the  anterior  end.  remains  to 
be  discovered. 
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Influence  of  Gravity  on  the  Egg. 

The  literature  dealing  with  the  influence  of  gravity  on  the  de- 
velopment of  the  frog's  egg  begins  with  Pfluger's  first  paper  in  1883. 
Unfortunately  Pflugek  did  not  detect  the  real  part  played  by  gra- 
vity in  his  experiment,  but  the  methods  of  experimental  study  which 
he  initiated  opened  a  new  field  of  embrj^ological  research.  Boun 
showed,  in  1885,  that  in  eggs  held  in  oblique  positions,  as  in 
Pfluger's  experiments,  gravity  acts  on  the  contents  of  the  egg 
bringing  about  a  readjustment  of  the  parts  —  the  lighter  parts  moving 
towards  the  top  of  the  egg  and  the  heavier  to  the  bottom.  Since 
the  outermost  layer  of  the  egg  does  not  take  part  in  the  rotation, 
the  obliquely  placed  egg  appears  to  retain  its  first  orientation,  as 
PflOger,  erroneously,  supposed  to  be  the  case. 

Roux  had  shown,  in  1884,  that  there  is  no  necessary,  i.  e.,  directive 
influence  of  gravity  on  the  formation  of  the  embryo.  He  showed 
this  by  placing  eggs  on  a  centrifugal  machine.  Since  the  eggs 
orientate  themselves  in  respect  to  the  centrifugal  force  it  may  be 
objected  that  under  the  conditions  of  the  experiment  the  centrifugal 
force  may  have  been  substituted  for  the  action  of  gravity.  Roux  fore- 
saw and  anticipated  this  objection,  and  by  regulating  the  rapidity 
of  the  rotation  he  found  the  eggs  remained  in  any  position  in  whicli 
they  happened  to  lie  when  placed  on  the  machine.  Under  these 
conditions  the  egg  changed  its  relation  to  gravity  at  each  moment, 
and  since  each  egg  had  a  different  position  in  relation  to  the  centri- 
fugal force,  both  forces  were  excluded  as  constant  factors.  Nevertheless 
normal  embryos  developed.  In  another  experiment  the  eggs  were 
placed  in  a  tube  only  partially  filled  with  water,  and  the  tube  put 
on  a  rotating  machine.  As  the  tube  revolved  the  water  passed  from 
one  end  of  the  tube  to  the  other,  and  the  eggs  were  kept  in  con- 
stant and  irregular  motion.  Still,  normal  embryos  developed.  Roux 
concluded  that  gravity  has  no  necessary,  or  directive  influence  on  the 
development. 

Into  the  discussion  in  regard  to  this  question  that  has  more 
recently  taken  place  mainly  between  Roux  and  Schultze  it  will 
not  be  necessary  to  go,  since  Kathariner  has  recently  reviewed  the 
matter  very  thoroughly  and  with  his  conclusions  I  entirely  concur. 
Kathariner  himself  carried  out  a  few  experiments  that  support 
Roux's  contention.  A  bunch  of  eggs  was  placed  in  a  glass  cylinder 
filled  with  water.     Air  was    carried  through  a  tube  to   the  bottom 
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of  the  water,  where  it  emerged  in  bubbles,  which  rose  to  the  surface 
on  one  side  of  the  cylinder.  The  rising  bubbles  caught  the  eggs 
and  carried  them  to  the  surface  on  one  side,  and  they  then  sank 
to  the  bottom  again  on  the  other  side  of  the  cylinder,  to  be  caught 
up  again  by  the  bubbles,  etc.  During  its  revolution  the  bunch  of 
eggs  turned  over  and  over  on  itself,  so  that  the  eggs  constantly  changed 
their  relation  to  gravity.  Normal  embryos  developed.  Katiiariner 
concluded:  »The  influence  of  gravity  on  the  normal  development  of 
the  frog's  egg  is  neither  that  of  a  formative  force  (Pflugeb),  nor 
of  a  necessary  condition  (Schultze).* 

We  are  concerned  at  present,  however,  with  another  side  of 
the  question,  for  although  gravity  may  not  have  an  influence  that 
is  necessary  to  bring  about  development,  yet  we  can  foresee  that  could 
its  force  be  increased,  or  another  similar  one  substituted  for  it, 
changes  might  be  brought  about  in  the  constitution  of  the  egg  that 
would  alter  its  mode  of  development.  While  we  can  not  experimentally 
increase  the  force  of  gravity,  we  can,  by  means  of  a  centrifugal 
force,  produce  a  similar  efl'ect  in  the  egg  which  alters  the  develop- 
ment. The  rate  of  rotation  used  by  Roux  was  too  small  to  produce 
a  change  in  the  development;  he  had,  of  course,  another  purpose 
in  view. 

Hertwig,  in  1898,  subjected  eggs  to  a  much  greater  centrifugal 
force,  and  showed  that  marked  changes  take  place  in  the  develop- 
ment'). He  placed  receptacles  containing  eggs  on  a  centrifugal  ma- 
chine. The  rate  of  revolution  varied  in  one  series  between  140  (at 
the  beginning)  and  147  (somewhat  later)  revolutions  per  minute.  The 
receptacles  containing  the  eggs  were  fixed  along  the  radii  of  the 
wheel  at  distances  of  from  14  to  40  cm  from  the  center  of  rotation. 
The  eggs  of  Rana  esculenta  were  put  on  the  machine  three  hours 
after  fertilization.  In  the  eggs  at  40  cm  from  the  axis  there  was 
present,  a  few  hours  later,  a  number  of  furrows  in  the  upper  hemi- 
sphere, but  on  the  following  day  these  eggs  were  dead.  The  eggs 
at  14  cm  distance  divided  nearly  normally,  and  were  in  the  blastula 
stage  on  the  following  day.  Many  of  these  eggs  produced  normal 
embryos.  Some  of  them  had,  however,  a  very  large  exposure  of 
yolk  in  the  blastopore.  The  two  series  of  eggs  lying  between 
those  just  described  gave  the  most  interesting  results.     In  most  of 


1}  Rauber  had  carried  out  in  1884  a  similar  experiment  on  trout  eggs.   Al- 
though he  rotated  them  200  revolutions  per  minute  normal  development  took  place. 
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the  eggs  the  cleavage  was  normal,  at  least  to  the  extent  of  the 
furrows  passing  through  the  white  hemisphere,  but  the  later  cleavages 
were  confined  to  the  dark  hemisphere.  This  result  is  due,  Hertwig 
thinks,  to  the  yolk,  which  is  the  heaviest  part,  being  carried  into 
the  white  hemisphere  as  a  result  of  the  centrifugal  action.  The 
lighter  parts  of  the  egg  remain  in  or  move  into  the  white  hemisphere. 
In  consequence  of  the  changes  in  the  interior,  the  position  of  the 
nuclei  is  affected.  The  nuclei  with  their  lighter  nuclear  sap  remain 
in  the  black  hemisphere. 

Sections  of  the  eggs  that  have  segmented  on  the  machine  show 
the  upper  third  of  the  egg  made  up  of  cells,  the  rest  is  occupied 
by  non-cellulated  yolk.  Hertwig  distinguishes  also  a  subgerminal 
zone,  where  the  yolk-  and  cellular  parts  come  together.  Here  are 
found  numerous  nuclei,  often  large  and  swollen. 

Eggs  from  the  more  distal  part  of  the  radius  may  show  no 
division  into  cells,  and  only  irregular  nuclei  scattered  in  a  vacuolated 
fluid.     Eggs  nearer  the  axis  show  an  approach  to  the  normal. 

During  the  following  day  gastrulation  takes  place  in  many  eggs. 
The  blastopore  lies  at  the  black-white  border.  Many  of  the  embryos 
that  develop  from  these  eggs  have  protruding  yolk  in  the  blastoporic 
region  like  those  in  some  of  our  figures. 

A  number  of  experiments  were  also  made  with  Rana  fnsca. 
Hertwig  found  when  the  eggs  of  this  species  were  put  on  the 
machine,  soon  after  they  had  been  fertilized,  that  they  did  not  develop 
at  all,  or  died;  while  eggs  placed  on  the  machine  just  before  the 
first  cleavage  appeared  developed.  I  may  add  here  that  I  have 
obtained  similar  results,  and  have  found  further  that  eggs  which  have 
divided  once  or  twice  will  withstand  a  greater  rate  of  revolution  than 
those  that  have  not  divided.  Moreover  eggs  that  have  segmented  a 
number  of  times,  so  that  the  contents  is  divided  by  cell-walls,  will 
develop  normally  at  rates  of  revolution  that  kill  or  produce  abnor- 
malities in  unsegmented  eggs,  or  eggs  just  beginning  to  segment. 

Hertvvig's  results  with  eggs  of  Rana  fusca  were  similar  to  those 
with  Rana  esculenta. 

In  another  series  of  experiments  the  eggs  were  treated  somewhat 
diflFerently.  Fertilized  eggs  were  placed  on  glass  slides ;  water  added, 
and  the  jelly  allowed  to  swell.  They  were  then  placed  in  boxes 
in  which  the  air  was  kept  saturated  with  moisture.  The  boxes  were 
placed  on  a  machine  revolving  at  200  revolutions  per  minute. 
Sections  of  these  eggs  show  that  the  cells  in  the  upper  part  are 
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arranged  radially,  the  point  of  convergence  being  the  bottom  of  the 
segmentation  cavity.  No  explanation  is  offerred  to  account  for  this 
arrangement. 

If  w^e  compare  these  results  of  Hbrtwig  with  those  of  my  own, 
which  are  to  be  described  in  the  following  pages,  we  find  that  while 
in  both  cases  the  eflfect  of  the  centrifugal  force  seems  to  have  aflfected 
the  eggs  in  the  same  way,  yet  Hertwig  did  not  obtain,  or  at  least 
does  not  describe  the  great  diversity  of  forms  that  I  have  found. 
He  mentions  briefly  in  a  preliminary  note  ('96),  the  occurrence  of  half 
embryos,  etc. 

The  Effect  of  Salt-Solutions. 

In  1894  it  was  shown  by  Morgan  that  by  adding  0.6  percent 
of  sodium  chloride  to  the  water  in  which  eggs  were  developing, 
ring-embryos  (spina  bifida)  could  be  artificially  produced*).  In  the 
following  year  Hertwig  (1895)  carried  out  a  more  extensive  series 
of  similar  experiments  with  stronger  and  weaker  solutions  of  sodium 
chloride.  Eggs  of  Rana  esculenta  were  placed,  one  hour  after  fertili- 
zation, in  solutions  of  0.5,  0.6,  0.7,  0.8,  0.9,  1.00  per  cent,  of  this 
salt.  Solutions  stronger  than  0.6  per  cent,  retarded  the  segmentation, 
especially  that  of  the  white  hemisphere,  and  the  eggs  died  without 
going  to  or  beyond  the  gastrula  stage.  In  the  0.6  per  cent,  solution 
the  embryos  showed  well  marked  abnormalities.  The  anterior  dorsal 
part  of  the  embryos  develops  in  front  of  the  sickel  shaped  blasto- 
pore. The  posterior  portion  shows  a  protuberance  of  yolk.  In  other 
words  the  embryos  show  the  condition,  more  or  less  extensive,  of 
spina  bifida. 

Eggs  of  Rana  fusca  are  put  into  solutions  containing  0.6  to 
1.0  per  cent,  of  sodium  chloride,  the  cleavage  process,  and  the  for- 
mation of  the  embryo  are  delayed.  The  sides  of  the  blastopore 
extend  slowly  around  the  yolk.  When  the  embryo  appears  the 
anterior  end  of  the  medullary  plate  does  not  roll  in  to  form  the 
medullary  tube,  but  the  plate  remains  open 2).  At  the  posterior  end  of 
the  embryo,  the  lateral  lips  develop  slowly,  and  often  fail  to  cover 
the  yolk,  which  is  left  protruding  in  this  region. 

Similar  results  can  be  obtaimed,  as  Hertwig  shows,  by  raising 


^]  Solutions  of  tho  salts  of  Barium,  Potassium  and  Calcium  gave  similar 
results. 

2)  As  in  our  Figs.  57  and  58  Plate  X.  Morgan  i'93)  had  obtained  similar 
embryos  in  teleostean  fishes  by  decreasing  the  amount  of  salt  in  the  water. 
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the  temperature  of  the  water  in  which  the  embryo  develops.  At  a 
certain  point  the  yolk  is  more  affected  than  is  the  more  protoplasmic 
part  of  the  egg.  Also  by  keeping  the  eggs  in  water  cooled  to  0,  or 
— 1  degrees  similar  embryos,  showing  spina  bifida,  were  obtained, 
when  the  eggs  are  brought  back  to  more  temperate  water.  Over-ripe 
eggs  also,  as  Roux  had  first  shown,  often  fail  to  segment  regularly ; 
the  yolk  portion  not  dividing  completely.  From  these  eggs  ring- 
embryos,  and  those  showing  spina  bifida  in  various  degrees  are  pro- 
duced. These  embryos  correspond  in  all  respects  to  those  described 
by  Roux  and  by  Morgan. 

Bataillon,  in  1901,  described  the  effects  of  a  number  of  salt- 
solutions,  as  well  as  of  sugar,  on  the  eggs  of  Rana  temporaria  and 
esculenta.  He  obtained  embryos  with  yolk  protruding  at  the  pos- 
terior end,  and  in  the  middle  of  the  dorsal  surface  (spina  bifida) 
similar  to  those  just  described.  The  effect  of  salt-solutions  at  different 
temperatures,  and  also  their  effect  on  immature  eggs  (taken  from 
the  uterus  when  only  a  part  of  the  eggs  had  reached  this  organ) 
are  described,  and  the  results  discussed.  The  embryo  from  eggs  not 
folly  matured  did  not  form  any  clearly  recognisable  organs,  but 
appear,  nevertheless,  to  have  developed  cilia  over  the  outer  surface. 
The  action  of  the  salts,  Bataillon  concludes,  is  not  determined  by 
their  chemical,  specific  qualities,  but  is  to  be  measured  by  their 
molecular  weight,  and  by  their  isotonic  coefficient. 

GuRWiTSCH^)  published  in  1895  and  1896  an  extensive  series 
of  experiments  on  the  action  of  certain  substances  in  solution  on  the 
development  of  the  frog's  egg.  Some  of  the  halogen  salts  were 
found  to  produce  abnormalities  in  the  position  and  development  of 
the  blastopore,  and  of  the  brain.  Sodium  chloride  acts  on  both 
organs  while  sodium  bromide  only  on  the  brain,  and  lithium  chloride 
principally  on  the  blastopore  and  on  the  archenteron,  even  more 
definitely  than  do  the  other  salts. 

Lithium  chloride,  0.8  and  0.7  per  cent.,  delays  the  cleavage  of  the 
white  hemisphere  which  often  remains  unsegmented,  but  a  solution 
of  0.5  per  cent.,  gave  the  best  results.  A  slow  process  of  cleavage 
precedes  the  formation  of  the  blastopore,  which  appears  first  as  a 
small  invagination.  The  lateral  lips  extend  around  the  equator  of 
the  egg,  and  the  yolk  remains  entirely  exposed  instead  of  gradually 
disappearing  as  in  the  normal  egg.    The  lateral  lips  as  they  grow 


1)  Anat.  Anz.    1895.    Archiv  f.  Entwickelungsmech.    1896. 

ArchiT  f.  EntwickelangsmechAnik.    XV.  \^ 
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outwards  extend  even  into  the  black  part  of  the  egg,  instead  of 
extending,  as  in  the  normal  egg,  into  the  region  between  the  black  and 
white  hemispheres.  Sections  show  that  the  surface  cells  sink  in 
where  the  blastopore  is  formed.  As  the  depression  deepens  the  seg- 
mentation cavity  disappears.  At  this  time  the  egg,  or  embrj'o  appears 
to  be  radially  symmetrica]  since  Gurwitsch  could  find  no  differences 
between  the  dorsal  and  lateral  parts  of  the  ring.  Even  the  oldest 
stages  observed  showed  no  trace  of  a  ring-formation  of  axial  organs, 
of  mesoderm,  or  of  a  union  of  the  lips  in  the  middle  line.  Never- 
theless, a  section  is  given  of  a  later  stage  in  which  a  medullary  plate 
appears  high  up  on  the  black  hemisphere.  Beneath  the  medullar}' 
plate  there  is  a  notochord,  and  below  this  a  part  of  the  archenteron. 
Gurwitsch  gives  figures  showing  a  number  of  transitions  between 
embryos  of  this  sort  and  those  showing  spina  bifida.  The  former 
have  many  points  of  resemblances  to  some  of  the  embrj'os  described 
in  the  second  part  of  this  paper,  and  on  the  basis  of  what  these 
will  show  I  venture  the  suggestion  that  Gurwitsch  did  not  find 
the  real  interpretation  of  this  kind  of  embryo. 

Gurwitsch  found  that  strychnine  (Yio  ^^^  V20  per  cent.)  pro- 
duce spina  bifida  embryos  with  a  large  exposure  of  yolk  at  the  pos- 
terior end.  We  shall  give  later  a  different  interpretation  of  these 
embryos  from  that  suggested  by  Gurwitsch.  Kaffein  gave  similar 
results.  Nicotin  (5  parts  to  10.000)  gave  » typical  departures «  from 
the  normal  cleavage.  There  is  a  broad  blastoporic  rim  without  a 
posterior  closure.  The  top  of  the  segmentation  cavity  is  unusually 
thin.  The  older  embrjos  have  a  posterior  exposure  of  yolk,  a  flat 
open  medullar}'  plate  ending  posteriorly  in  a  pair  of  knobs,  and 
resemble  the  embryo  in  our  Fig.  52.  The  chorda  was  twice  the 
normal  size.  A  solution  of  grape  sugar,  2  per  cent,  in  strength,  pre- 
vents the  development  further  than  the  blastopore-stage.  A  one  per 
cent,  solution  produced  embryos  with  a  posterior  extrusion  of  yolk. 

Influence  of  Lack  of  Oxygen. 

In  addition  to  a  few  general  statements  of  the  necessity  of  the 
presence  of  oxygen  for  the  normal  development  of  the  frog's  egg, 
there  are  one  or  two  experimenters  who  have  attempted  to  determine 
this  influence  more  precisely. 

Samassa  ('96  and  '98)  placed  fertilized  eggs  of  Rana  fusca  in 
water  free  from  dissolved  oxygen,  and  found  that  development  pro- 
ceeded for  24  hours.     Other .  eggs  were  kept  in   an  atmosphere  of 
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nitrogen  and  of  hydrogen;  they  also  developed,  and  when  removed 
after  four  days  and  put  into  fresh  water  produced  abnormal  embryos. 
These  showed^  for  the  most  part,  all  variations  of  spina  bifida.  In  other 
eggs  the  medullary  plate  did  not  appear.  Sabiassa  concluded  that  oxygen 
is  not  essential  for  the  development  during  the  first  24  hours.  The 
nitrogen  and  hydrogen  acted,  he  throught,  injuriously  on  the  egg. 

Bataillon  ('97)  measured  the  amount  of  oxygen  used  during 
development,  and  studied  the  influence  of  carbon  dioxide  on  the  egg. 
He  obtained  results  similar  to  those  of  Godlewski  whose  results 
are  given  below. 

ScHULTZE  ('99)  found  that  in  the  absence  of  oxygen  for  24  hours 
the  early  development  was  retarded,  and  in  some  cases  the  eggs 
were  killed.  It  has  been  pointed  out  that  since  the  carbon  dioxide 
was  not  removed  in  this  experiment,  the  results  may  have  been  due 
in  part  to  this.  GodLtEWSKI  has  shown,  in  fact,  that  carbon  dioxide 
is  mjurious  to  the  egg. 

Godlewski  ('97,  1900,  1901)  carried  out  a  more  elaborate  series 
of  experiments,  and  found  that  the  rate  of  development  is  closely 
connected  with  the  presence  of  oxygen,  although  the  cleavage  may 
proceed  more  or  less  normally,  without  oxygen  being  supplied  from 
the  outside.  The  effect  of  increasing  the  carbon  dioxide  is  notice- 
able even  from  the  beginning  of  development.  It  exerts  a  specific, 
toxic  action  on  the  developing  egg.  Godlewski  does  not  describe 
embryos  having  spina  bifida  as  a  result  of  the  absence  of  oxygen, 
but  his  experiments  were  not  carried  out  with  this  end  in  view. 

Bataillon  (1901)  called  attention  to  the  similarities  of  his  results 
and  those  of  Godlewski. 

Effect  of  Temperature. 

Hertwig  ('94,  '96,  '98)  has  carried  out  numerous  experiments 
on  the  effect  of  temperature  on  the  development  of  Rana  fusca  and 
esculenta.  For  the  former  he  found  the  optimum  temperature  for 
development  to  be  in  one  series  22  degrees,  in  another  *)  24  degrees. 
Above  these  temperatures,  for  instance  at  27  to  29.6  degrees,  irregular 
segmentation  of  the  dark  hemisphere  takes  place,  and  the  eggs  die 
without  producing  embryos.  Between  23 — 24  degrees,  and  between 
25 — 26  degrees,  most  eggs  die;  some  produce  abnormalities,  and  only 


*)  The  time  elapsing  between  fertilization  and  the  removal  of  the  egg  to 
the  low  temperature  probably  accounts  for  the  difference  in  the  two  cases. 
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a  few  become  normal  embryos.  The  abnormalities  were  of  two  sorts. 
First  those  with  spina  bifida;  second,  those  with  deformed  heads, 
often  combined  with  posterior  spina  bifida. 

The  eggs  of  Rana  fusca  were  fertilized  at  a  temperature  of 
9  degrees,  kept  for  two  hours  at  this  point,  and  slowly  (IV2  hours) 
cooled  to  1,5  degrees.  The  early  development  extended  over  weeks 
and  even  months.     It  took  thirty  days  before  the  blastopore  closed. 

No  abnormalities  were  observed,  although  Hertwig  thinks  that 
the  embryos  were  more  or  less  injured  and  would  not  have  become 
normal  tadpoles. 

In  another  experiment  in  which  the  eggs  were  fertilized  and 
placed  soon  afterwards  in  water  at  7  degrees,  then  at  6  degrees 
and  so  on  to  1,5  degrees  (the  transfer  being  quite  rapid)  the  eggs 
began  to  develop,  but  abnormally.  They  became  more  and  more 
abnormal,  and  in  most  cases  died.  Even  those  kept  at  2,5  degrees, 
although  they  reached  the  morula  stage,  died  later,  and  this  is  true 
also  for  eggs  kept  at  4  degrees.  Some  of  those  at  6  degrees  had 
after  8  days  developed  to  a  stage  with  a  small  round  blastopore. 

The  diflference  in  the  results  of  these  two  series  of  eggs  of  Rana 
fusca  is  to  be  explained  by  the  more  gradual  change  afker  fertiliza- 
tion in  the  former  series  which  suffered,  therefore,  less  from  the  cold. 
Hertwig  explains  the  difference  between  his  results  and  those  of 
ScHULTZE  ('99)  as  due  to  the  different  time  at  which  they  subjected 
the  eggs  to  the  cold.  Schultze  used  later  stages,  and  found  that 
although  the  eggs  developed  slowly,  yet  the  development  was  normal. 

Hertwig  found  that  the  optimum  temperature  for  eggs  of  Rana 
esculenta  (which  are  laid  a  month  later  than  those  of  Rana  fusca) 
is  higher,  viz.,  32 — 33  degrees. 

Hertwig  also  carried  out  experiments  to  determine  the  influence 
of  temperature  (on  each  side  of  the  optimum)  in  regard  to  the  ra- 
pidity of  development,  but  these  results  have  no  bearing  on  our 
present  subject. 

In  regard  to  the  effect  of  temperature  on  the  eggs  of  Rana 
palustris  I  have  found  that  if  eggs,  in  the  first  or  second  cleavage- 
stage,  are  put  in  an  ice-chest  the  cleavage  is  stopped,  and  the  eggs 
may  die  in  the  course  of  a  few  days.  If  the  eggs  in  the  blastula-stage 
are  kept  at  the  same  temperature  they  withstand  the  cold  much  better, 
but  if  kept  for  several  weeks  they  give  rise  to  abnormalities.  The 
gastrula-stages  witlistand  the  cold  better,  and  the  development  may 
proceed  with  extreme  slowness.     If  embryos  in  which  the  blastopore 
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has  closed  and  the  medallary  folds  have  rolled  in  sire  kept  at  the 
same  temperature  they  will  remain  in  good  condition  for  more  than 
a  month.  The  advance  in  their  development  is  scarcely  perceptible, 
but  still  it  goes  on  very  slowly.  If  the  embryos  are  taken  out  and 
placed  in  warmer  water,  they  give  rise  to  nonnal  tadpoles. 

The  eggs  of  Rana  temporaria  (sylvatica)  withstand  the  cold 
much  better,  and  even  the  segmenting  eggs  can  withstand  the  tem- 
perature of  freezing  water  for  several  days  or  longer.  It  is  interesting 
to  note  here  also  that  the  eggs  of  Sana  temporaria  are  laid  very 
early,  almost  as  soon  as  the  ice  has  melted,  and  are  often  caught  by 
a  later  freezing.  If  they  are  not  actually  caught  in  the  ice  they 
recover.  The  eggs  of  Eana  palustris  are  laid  several  weeks  later  and 
are,  as  just  stated,  more  sensitive  to  cold  especially  in  the  early 
stages. 


Part  II.    Experimental. 

Abnormalities  Produced  by  Centrifugalizing  the  Eggs. 

The  eggs  of  Rana  palustris  were  collected  from  the  pond  in 
which  they  had  been  laid  and  fertilized  under  normal  conditions. 
It  is  worth  while  to  emphasize  this  point,  since  it  means  that  at  the 
beginning  of  the  experiments  the  eggs  were  as  nearly  normal  as  is 
possible  to  have  them.  This  will  not  always  be  the  case,  as  every 
experimenter  must  have  found,  when  eggs  are  artificially  removed 
from  the  uterus  and  artificially  fertilized. 

In  some  cases  the  eggs  had  not  yet  segmented,  others  were  in 
the  two  and  four  cell  stages,  etc.  They  were  placed  at  once  on  the 
centrifugal  machine,  which  was  the  large  driving  wheel  of  an  engine. 
The  eggs  were  placed  in  glass  bottles  4t^l^  X  IV4  inches  filled  with 
water.  About  fifty  to  one  hundred  eggs  were  in  each  bottle.  These 
bottles  were  put  into  wooden  cylindrical  tubes,  closed  at  one  end 
and  with  a  screw  top  at  the  other*).  The  boxes  were  fixed  with  wire 
along  a  radius  of  the  wheel.  The  box  nearest  the  center  of  the  axis 
on  each  radius  was,  at  its  inner  end,  about  4Y2  inches  from  the  center 
of  rotation.  At  its  outer  end  1^1  ^  inches  (inside).  The  next  box, 
standing  on  the  end  of  the  first,  was  at  its  inner  end  about  IOV2 
inches  from  the  axis,  at  its  outer  end  13  ^2 ;  the  third  box  16  y.,  at  its 
inner  end,  and  19  V2  inches  at  its  outer. 


^)  These  tubes  were,  in  fact,  ordinary  mailing  tubes. 
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The  wheel  was  started  at  first  slowly  for  a  few  seconds  and 
then  allowed  to  go  faster  and  faster  until  in  about  a  minute  the  re- 
quired speed  was  attained.  In  the  first  series  the  rotation  was  found 
to  be  too  slow  for  eggs  that  had  begun  to  segment.  In  later  ex- 
periments the  eggs  were  often  revolved  180  revolutions  a  minute,  at 
which  speed  some  of  the  eggs  were  so  injured  that  they  failed  to 
develop;  others,  however,  gave  rise  to  interesting  abnormalities. 

Two  conditions  in  these  experiments  must  be  carefully  noted. 
It  was  found  that  eggs  that  had  not  segmented  were  more  easily 
killed  than  those  in  the  two  and  four  cell  stages.  If,  for  instance, 
eggs  were  taken  from  a  bunch  in  which  under  normal  conditions 
the  eggs  did  not  segment  for  several  hours,  they  would  be  killed  if 
rotated  at  the  same  speed  as  that  used  for  eggs  in  the  two  and  four 
cell  stages. 

In  most  of  the  experiments  the  eggs  were  going  into  the  two 
cell  stage,  sometimes  into  four  cells.  It  should  be  noted  that  in  both 
cases  the  continuity  between  the  upper  and  lower  parts  of  the  egg 
is  still  unbroken  by  cell-walls. 

The  other  important  condition  is  the  distance  of  the  eggs  from 
the  center  of  rotation.  If  the  eggs  in  the  first  box  are  carried  by  the 
centrifugal  force  to  the  outer  end  of  the  bottle  they  are  subjected 
to  a  centrifugal  force  about  7  times  that  of  gravity*).  When  the 
box  is  at  the  lowest  part  of  its  revolution  gravity  and  centrifugal 
force  act  together  and  in  the  same  direction.  When  at  the  highest 
point  the  two  act  in  opposite  directions,  and  at  intermediate  points 
at  varying  angles.  The  rate  of  revolution  was  so  great,  that  it  is 
certain,  to  judge  from  what  others  have  observed,  the  eggs  orientated 
themselves  so  that  the  white  hemisphere  was  turned  outwards,  and 
remained  in  this  position  throughout  the  entire  rotation. 

It  was  found  in  those  sets,  in  which  after  removal  from  the 
wheel  the  difi^erent  lots  were  kept  apart,  that  those  in  the  outer 
boxes  were,  of  course,  the  most  affected.  Since,  however,  my  object 
was  to  study  the  eff'ect  of  the  centrifugal  force  on  eggs  brought  as 
nearly  as  possible  to  the  fatal  point  at  which  development  is  stopped 
I  arranged  the  experiment,  in  most  cases,  so  that  the  eggs  in  the 
outer  sets  would  be  seriously  injured,  and  those  nearer  the  axis  not 
80  much  affected.  These  gave  most  of  the  abnormal  forms  figured 
in  this  paper. 

^)  Eggs  in  the  outer  part  of  the  second  bottle  were  subjected  to  a  centri- 
fugal force  about  13  times  that  of  gravity  and  in  the  third  bottle  about  19  times. 
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The  eggs  were  left  on  the  wheel  from  7  to  10  hours.  When 
fciken  off  they  were  put  into  flat  dishes  with  plenty  of  water,  which 
was,  as  a  rule,  changed  every  day.  During  the  time  they  were  on 
the  wheel,  the  eggs  continued  to  divide,  although  the  number  of  clea- 
vage furrows  which  cut  through  in  the  lower  hemisphere  was  less 
than  in  the  normal.  In  some  cases  the  unsegmented  egg  did  not 
divide;  and  sometimes  eggs  that  were  in  the  two  and  four  cell  stages 
were  so  injured  that  they  did  not  divide  further  ^).  Check  series  of 
eggs  from  the  same  bunches  were  in  a  few  cases  kept  in  similar 
bottles,  closed  in  the  same  way  as  those  on  the  wheel.  In  these, 
the  eggs  developed  normally  showing  that  the  enclosure  for  7  to 
10  hours  in  this  limited  spaee  had  nothing  to  do  with  the  produc- 
tion of  abnormalities.  The  room  in  which  the  engine  worked  was 
warmer  than  the  average  temperature  outside,  but  not  so  high  as  to 
injure  the  eggs  2).  In  consequence  of  the  warmth,  the  eggs  on  the 
wheel  that  were  not  much  injured  developed  faster  than  the  check 
eggs  kept  in  another  room. 

The  following  records  will  serve  to  give  an  idea  of  the  effect 
of  the  centrifugal  force  on  the  eggs. 

I.  Series.     Unsegmented    eggs    were  put    on    the  machine  at 

9  15  A.  M.  The  check  eggs  segmented  an  hour  later.  The  rate  of 
revolution  was  at  first  150  per  minute.  A  little  later  170  per  minute. 
The  eggs  were  left  on  the  machine  until  9  30  P.  M.  When  taken 
off  a  pigmented  ring  had  formed  just  above  the  equator  of  the  egg, 
the  upper  hemisphere  being  much  lighter  in  color  than  normal.  Most 
of  the  eggs  died,  but  a  few  in  each  set  produced  the  most  extreme 
forms  of  abnormalities. 

U.  Series.     Unsegmented   eggs   were   put   on   the   machine   at 

10  A.  M.  The  rate  of  revolution  was  at  first  only  100  per  minute. 
Later  120  per  minute.  The  eggs  were  left  on  the  machine  until 
5  30  P.  M.  Next  day  all  eggs  gastrulated  normally.  The  rate  of 
revolution  was  obviously  too  slow. 

III.  Series.  There  were  two  lots  in  this  experiment.  In  one 
lot  the  eggs  had  between  250  and  500  cells;  in  the  other  lot  the 
dorsal  lip  of  the  blastopore  had  just  appeared.  They  were  on  the 
wheel  for  four  hours,  making  140  revolutions  per  minute.  Gastru- 
lation  went  on  normally,  and  no  abnormalities  were  produced. 


1)  Or  if  they  did  the  furrows  were  obliterated. 

^  As  shown  by  their  normal  development  when  not  rotated  too  fast 
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IV.  Series.  Four  different  lots  of  eggs  were  used.  Two  of  these 
began  to  segment  when  put  on  the  wheel;  the  other  two  after  half- 
an-hour.  They  were  put  on  the  machine  at  9  45  A.  M.  and  revolved 
at  the  rate  130  revolutions  per  minute. 

At  11 05  A.M.  the  machine  was  stopped  for  five  minutes,  and 
two  new  lots  were  put  on,  some  in  the  two  cell  stage,  others  in 
the  four  cell  stage.  The  machine  began  again  with  140  revolutions 
per  minute.    The  eggs  were  taken  off  at  6  P.  M. 

From  this  series  many  spina  bifida  embryos  were  obtained.  Some 
of  the  embryos  were  half-embryos.  Some  lots  (not  specified)  de- 
veloped normally.  No  observed  differences  were  recorded  between 
the  unsegmented  and  those  in  the  two  cell  stage;  but  it  should  be 
noted  that  the   unsegmented  were  just  about  to  go  into    the   two 

cell  stage. 

• 

It  was  not  from  the  preceeding  series  that  the  embryos,  here 
described,  were  obtained,  although  some  of  the  same  kinds  were 
noted  in  both  cases.  Most  of  the  material  was  selected  from  the 
following  series. 

V.  Series.  Eggs  at  about  the  128-cell  fltage  were  kept  on  the 
machine  seven  and  a  half  hours,  revolving  180  revolutions  per  minute. 
Many  spina  bifida  embryos  were  produced  as  well  as  other  ab- 
normalities. 

VI.  Series.  Eggs  in  the  two- cell  stage  were  kept  on  the 
machine  about  seven  and  a-half  hours,  revolving  180  revolutions  per 
minute.     This  series  as  a  whole  gave  excellent  results. 

VII.  Series.  Eggs  in  the  two -cell  stage  were  kept  on  the 
machine  about  seven  and  a-half  hours.  These  gave  equally  good 
results.    The  wheel  made  150  turns  per  minute. 

Vni.  Series.  Eggs  in  the  two -cell  stage  were  kept  on  the 
machine  for  6^/2  hours.  These  also  produced  many  abnormalities. 
The  wheel  made  180  revolutions  per  minute. 

The  following  four  series  are  from  another  experiment. 

IX.  Series.  Eggs  going  into  the  two -cell  stage  were  kept  on 
the  machine  for  eight  hours,  making  154  revolutions  per  minute. 
Excellent  results  were  obtained. 

X.  Series.  Some  of  the  last  lot  were  kept  on  ice  over  night. 
They  were  in  the  four  cell  stage  when  put  on  the  machine^  which 
made  160  revolutions  per  minute.  Three  lots  gave  many  ab- 
normalities; in  one  lot  all  the  eggs  died.     In  this  same  experiment. 
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other  eggs  were  put  on  the  machine  that  had  been  segmenting  for 
24  hours.    These  gave  normal  embryos. 

XI.  Series.  Unsegmented  eggs  were  put  on  the  machine  and 
rotated  at  the  rate  of  160  revolutions  per  minute.  Nearly  all  died 
without  producing  embryos.  Curiously  enough  one  egg  made  a  nearly 
normal  embryo.  The  check  eggs  did  not  divide  until  seven  hours 
after  the  others  were  put  on  the  machine. 

Xn.  Series.  Eggs  from  the  last  series  which  had  segmented 
over  night  were  put  on  the  machine  for  eight  hours.  They  were 
revolved  180  revolutions  per  minute,  and  produced  many  abnormalities 
like  those  of  the  other  two-cell  sets.  One  lot  went  normally.  In  this 
same  series  another  lot  was  unsegmented.  It  remained  eight  hours 
on  the  machine.    Most  of  the  eggs  died. 

The  embryos  from  which  those  represented  in  Fig.  1  to  47 
were  selected,  belonged  to  set  V  (April  18).  The  eggs  were  in  the 
128-cell  stage  when  put  on  the  wheel.  In  looking  over  the  twelve 
series  I  picked  out  this  one  as  showing  most  clearly  the  greatest 
number  and  variety  of  forms.  A  comparison  of  the  embryos  of  this 
set  with  those  of  others,  developing  from  eggs  that  had  been  put  on 
the  machine  in  the  two-  and  four-cell  stages,  shows  that  the  principal 
forms  here  described  can  be  duplicated  in  other  sets.  As  far  as  the 
end-result  is  concerned  it  makes  little  diflference  which  set  is  selected, 
but  there  are  certain  obvious  advantages  in  having  the  diflFerent 
kinds  of  embryos  all  from  the  same  set. 

It  was  my  intention  at  first  to  arrange  the  different  kinds  of 
embryos,  figured  in  the  plates,  in  groups  classified  according  to  their 
resemblances.  It  would  not,  in  fact,  be  difficult  to  arrange  the 
series  so  that  in  passing  from  one  end  to  the  other  one  would  find 
everywhere  connecting  forms,  but  after  some  consideration  I  have 
come  to  the  conclusion  that  such  an  arrangement  might  lead  to  a 
misconception  of  what  the  results  have  shown.  The  figures  stand, 
therefore,  in  the  order  in  which  they  were  picked  out  in  lots  of  fours 
or  fives  to  be  drawn  and  sectioned.  The  reader  who  is  not  especi- 
ally interested  in  the  details  will  find  the  description  of  a  few  of 
these  embryos  sufficient  and  will  pass  on  to  the  general  conclusions 
at  the  end. 

Deseription  of  Embryos. 

No.  1.  The  surface  view.  Fig.  1  Plate  VIII,  shows  the  dorsal 
part  of  the  embryo  lying  along  the  border  between  the  black  and 
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white  portions.  The  embryo  bends  to  one  side  just  behind  the 
brain  region.  A  cross-section  anterior  to  the  middle  of  the  embryo 
is  shown  in  Fig.  V  Plate  XL  The  ectoderm  extends  much  farther 
down  on  one  side  than  on  the  other  (right  and  left  are  always 
reversed  in  the  surface  drawings  as  compared  with  the  sections; 
except  when  otherwise  stated].  The  ectoderm  is  a  little  thickened 
along  the  free  edge,  but  otherwise  forms  no  definite  structure  along 
the  border.  At  a  posterior  level  the  lower  edge  of  ectoderm  turns 
in  near  the  anal  depression.  The  nervous  system  is  symmetrical^ 
but  small.  Below  it  lies  the  notochord.  The  archenteron  is  a  small 
space  lying  below  and  to  one  side.  Mesoderm  is  present  on  each 
side  of  the  median  line,  and  equally  developed  on  each  side.  In 
the  yolk  there  is  a  large  hole.  Only  that  part  of  the  yolk  lying 
near  the  embryo  contains  nuclei. 

No.  2.  The  next  embryo,  Fig.  2,  shows  what  appears  to  be 
a  half- embryo  except  at  the  anterior  end  which  is  more  than  half 
A  cross-section  through  the  middle  of  this  embryo  is  represented 
in  Fig.  IV  Plate  XI.  The  nerve  tube  is  closed  and  rounded 
(posteriorly  it  is  open  and  is  incomplete  on  one  side].  It  has 
been  formed  exactly  along  the  border  of  the  yolk.  Beneath  there 
is  a  small  notochord,  and  on  both  sides  of  the  latter  mesoderm  is 
present ;  but  that  on  the  yolk  side  is  much  less  in  amount  than  that 
on  the  other.  The  archenteron  is  a  very  small  cavity  just  below 
the  notochord  (anteriorly  it  is  larger].  The  ectoderm  ends  abruptly 
below.  Beneath  the  ectoderm  and  along  the  side,  a  layer  of  m^o- 
derm  is  present.  There  is  a  sharp  contrast  between  the  nucleated 
and  non-nucleated  yolk. 

No.  3.  In  this  embryo,  Fig.  3,  only  the  dorsal  region  is  de- 
veloped. The  ectoderm  extends  only  a  short  distance  on  each  side 
of  the  mid-dorsal  line.  At  the  anterior  end  the  embryo  is  more 
nearly  pinched  off  from  the  injured  yolk,  as  shown  in  the  cross- 
section,  Fig.  I  Plate  XI.  Here  a  sharp  line  is  present  between 
the  nucleated  and  non-nucleated  yolk.  In  the  middle  region  of  the 
embryo,  Fig.  11,  the  embryonic  part  is  less  sharply  separated  from  the 
non-nucleated  yolk.  Towards  the  posterior  end  the  mesoderm  is  less 
developed  on  one  side  Fig.  III.  A  small  archenteron  is  present.  The 
sections  show  clearly  that  only  the  dorsal  side  of  the  embryo  has 
developed;  and  the  free  edge  of  the  ectoderm  on  each  side  shows 
nothing  to  suggest  that  it  is  a  blastoporic  rim. 

No.  4.     Tlie   surface   view   of  this   embryo,  Fig.  4,  gives  the 
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appearence  of  a  half-embryo,  but  sections  show  that  the  embryo  is 
more  nearly  a  whole  embryo  of  half  size.  The  section  that  is  drawn 
in  Fig.  VI  Plate  XI,  is  through  the  middle  region,  and  shows  a 
closed  nerve  tube,  a  round  notochord,  and  an  excentric  archenteron 
near  the  edge  of  the  nucleated  yolk.  It  is  important  to  note  that 
the  mesoderm  on  each  side  of  the  nerve  tube  and  notochord  is 
equally  developed  on  both  sides.  Below  this  level  it  is  only  present 
on  one  side,  the  outer,  where  it  is  differentiating  from  the  yolk.  A 
large  part  of  the  egg  takes  no  share  in  the  formation  of  the  embryo. 
It  is  also  important  to  note  that  there  is  no  indication  of  a  blasto- 
pore-lip  at  the  free  edge  of  the  ectoderm. 

No.  5.  The  next  embryo,  Fig.  5,  appears  in  surface  view  to 
represent  the  right  half  of  an  embryo;  and  cross-sections,  Fig.  VII 
Plate  XI,  show  that  this  is  the  case.  Only  a  small  part  of  the  egg 
goes  to  form  the  half-embryo.  The  nerve  tube  that  has  just  closed 
is  imperfect  on  one  side,  and  represents  nearly  exactly  half-a-tube. 
The  notochord  lies  near  the  free  edge.  The  archenteron  is  a  very 
small  hole  just  below  the  notochord.  The  mesoderm  is  present  only 
on  one  side.  The  lower,  free  edge  of  ectoderm  shows,  perhaps,  in- 
dications of  its  being  a  blastoporic  rim,  inasmuch  as  there  is  a 
thickening  of  mesoderm,  and  an  intuming  of  cells  in  this  region  (at 
other  levels  than  that  of  the  figure).  Only  that  part  of  the  yolk  that 
lies  near  the  embryo  is  organized;  the  rest  is  non-nucleated,  va- 
cuolated, and  appears  more  or  less  dead. 

No.  6.  The  surface  view,  Fig.  6,  shows  a  broad,  but  short 
dorsal  part  of  an  embrj^o,  which  occupies  only  a  small  part  of  the 
egg.  A  cross-section  through  the  middle  of  this  embryo,  Fig.  VIII, 
shows  a  closed  nerve  tube,  a  small  notochord  beneath,  with  me- 
soderm on  each  side,  but  less  developed  on  the  yolk-side.  The 
archenteron  is  a  triangular  space  below  the  notochord.  The  organ- 
ized, nucleated  yolk  is  fairly  sharply  separated  from  the  rest  of 
the  yolk. 

No.  7.  The  embryo  represented  in  Fig.  7  and  lA  forms  an 
interesting  contrast  to  those  shown  in  Figs.  3  and  6,  since  it  re- 
presents largely  only  the  ventral  surface  of  the  embryo.  In  Fig.  7 
the  anterior  end,  as  seen  from  the  dorsal  point  of  view,  is  shown. 
What  appears  to  be  a  blastoporic  rim  extends  around  each  side  of 
the  egg.  When  viewed  from  below.  Fig.  74,  a  pair  of  suckers  is 
seen  at  the  anterior  end,  and  the  figure  is  so  turned  that  one  side 
of  the  blastoporic  rim  can  be  seen.    Sections  through  this  embryo. 
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Figs.  IX  and  X,  show  that  a  nerve  tube  and  notochord  are  formed 
only  along  one  side  of  the  blastoporic  rim.  Along  the  opposite  side 
there  is  scarcely  any  evidence  suggesting  the  presence  of  a  half- 
ring,  except  the  thicking  of  mesoderm,  and  an  indentation  of  the 
edge  (with  a  split  in  the  yolk  along  this  side).  A  cnrioos  collection 
of  cells  just  below  the  indentation  (in  Fig.  X)  may  possibly  re- 
present the  notochord.  The  side  along  which  the  embryo  has  de- 
veloped has  produced  more  than  a  half-embryo,  as  seen  in  Fig.  X, 
since  mesoderm  is  present  on  both  sides  of  the  notochord.  The 
embryo  suggests  a  ring-embryo  with  only  one-half  of  the  ring  de- 
veloped, and  even  overdeveloped. 

No.  8.  The  embryo  shown  in  Fig.  8  is  less  advanced  than 
the  preceding  embryos,  and  has  a  bilateral  anterior  end,  while  the 
posterior  end  is  only  half  an  embrjo.  Attention  should  be  drawn 
to  the  embryonic  edge  on  the  left  side  which  corresponds  to  the 
missing  half  of  the  embryo.  It  has  remained  undeveloped.  Sections 
add  but  little  to  what  is  seen  in  surface  views. 

No.  9.  Here  also.  Fig.  9,  the  posterior  end  is  incompletely  formed 
on  one  side,  owing,  it  appears,  to  the  lack  of  development  of  the 
embryonic  rim  of  that  side.    The  sections  add  nothing  of  interest 

No.  10.  In  this  case,  Fig.  10,  although  the  blastoporic  rim 
has  failed  to  grow  over  any  considerable  part  of  the  yolk,  yet  the 
medullary  plate  is  developed  on  both  sides;  but  at  the  posterior  end 
it  is  more  complete  on  that  side  (the  left)  which  appears  to  have 
advanced  over  the  yolk.  This  embryo  produces  the  impression  of 
having  formed  its  whole  posterior  end  out  of  only  one  side  of  the 
blastoporic  rim.  It  would  have  resembled  probably  in  later  stages 
the  embryo  shown  in  Fig.  I. 

No.  11.  This  embryo,  Fig.  11,  appears  in  surface  view  to  be 
somewhat  more  than  a  half-embryo.  It  is  in  a  younger  stage  than 
are  the  half-embryos  shown  in  Figs.  2  and  5.  A  cross-section 
through  the  middle  of  this  embrjo,  Fig.  XI,  shows  the  open  me- 
dullary plate  ending  at  one  side  in  a  sharp  edge.  Just  below  this 
edge  lies  the  notochord,  and  to  the  right  of  it  there  is  a  narrow 
archenteric  split  in  the  yolk.  There  can  be  no  doubt  that  the  lateral 
blastoporic  invagination  took  place  along  this  line.  The  mesoderm 
is  developed  only  on  one  side.  The  lower  free  edge  of  ectoderm 
ends  abruptly,  and  there  is  no  evidence  of  a  blastoporic  rim  in  this 
region.    A  large  fluid  space  is  present  in  the  undeveloped  yolk. 

No.  12.     Only  a  small  part  of  the  egg  has  developed  in  this 
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case,  Fig.  12.  A  short,  rather  broad  medullary  plate  is  closing  in. 
A  cross-section,  Fig.  XII,  shows  the  greatly  thickened  ectoderm,  the 
medullary  plate  nearly  symmetrical  at  this  level,  a  notochord  be- 
neath and  a  narrow  archenteron.  The  nucleated  yolk  is,  for  the 
most  part,  sharply  separated  oflF  from  the  rest. 

No.  13.  The  surface  view,  Fig.  13,  shows  a  part  of  the  an- 
terior end  of  an  embryo.  Sections  confirm  this  interpretation, 
Fig.  XIII,  showing  a  thick  medullary  plate  in  the  anterior  part. 
For  a  short  distance  a  notochord-like  structure  is  present.  Along  the 
edge  bordered  by  the  nerve-plate  a  split  is  present.  It  is  the  ar- 
chenteron. 

No.  14.  A  small  part  of  the  egg  has  produced  an  embryo. 
Fig.  14.  A  cross-section  through  the  anterior  end.  Fig.  XV,  shows 
that  the  organized  part  has  nearly  constricted  oflF  from  the  rest  of 
the  egg.  The  nerve-plate  has  not  yet  rolled  in.  At  the  posterior 
end.  Fig.  XIV,  the  embryonic  portion  is  not  so  sharply  marked  oflF 
from  the  yolk.  The  embryo  is  somewhat  less  developed  on  one  side 
than  on  the  other. 

No.  15.  The  surface  view.  Fig.  15,  shows  a  cake-like  dark 
portion  with  a  distinct  rim,  which  separates  the  dark  part  from  the 
yolk  on  which  it  rests.  No  evidence  of  an  embryo  was  seen,  but 
sections  show  that  a  medullary  plate  is  present  at  one  side.  Fig.  XVI. 
Beneath  it  lies  a  very  short  notochord.  Only  a  very  small  region 
of  the  yolk  is  nucleated,  as  shown  in  the  figure.  It  lies  next  to 
the  embryo. 

No.  16.  In  surface  views  this  embryo  shows  a  broad  anterior 
medullary  plate.  Fig.  16,  with  a  large  exposure  of  yolk  behind  it. 
On  the  other  side  of  the  egg.  Fig.  16^,  there  could  also  be  seen, 
in  surface  view,  a  thickened  region  resembling  a  medullary  plate. 
The  surface  views  suggested  two  embryos,  turned  in  opposite  di- 
rections, each  with  its  posterior  end  abutting  against  the  yolk.  Sec- 
tions show,  however,  that  this  is  not  the  case,  for  while  the  anterior 
thickening  (Fig.  16)  is  undoubtedly  a  medullary  plate  (with  a  no- 
tochord beneath],  the  posterior  thickening  does  not  resemble  the 
anterior  end  of  a  medullary  plate.  Where  the  latter  thickening  abuts 
against  the  yolk  there  is  an  anal-like  intuming  of  ectoderm.  The 
thickening  itself  can  not  be  satisfactorily  accounted  for,  unless  it  re- 
presents the  flattened  tail-knobs. 

No.  17.  In  this  embryo,  Fig.  17,  the  medullary  plate  extends 
along  the  side  of  the  free  edge.  In  others  words,  a  whole  medullary 
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plate  has  formed  along  one  side  of  the  blastoporic  rim.  The  sections 
were  not  good,  and  gave  nothing  farther. 

No.  18.  In  Fig.  18  the  embryo  shows  something  more  than 
a  half-structure  on  the  dorsal  side.  On  the  less  developed  side  the 
rim  has  not  extended  as  far  backwards  as  has  that  of  the  other  side. 

No.  19.  A  whole  medullary  plate  is  present  along  one  side  of 
the  blastoporic  rim,  Fig.  19.  A  cross-section  through  the  middle 
of  this  embryo,  Fig.  XVII,  does  not  show  the  medullary  fold  so 
strongly  marked  as  does  the  surface  view.  A  notochord  lies  beneath 
the  medullary  plate,  and  beneath  this  there  is  a  well  marked  ar- 
chenteron  which  opens  along  the  side  between  the  edge  of  the  me- 
dullary fold  and  the  yolk. 

No.  20.  The  anterior  end  of  the  embryo  is  broad  and  well 
formed,  Fig.  20,  and  lies  far  forward  on  the  black  part  of  the  egg. 
The  posterior  end  is  narrower  and  projects  backward  over  the  surface 
of  the  yolk.  A  longitudinal  section,  Fig.  XVO,  of  this  embryo  was 
made  in  order  to  see  if  there  were  any  signs  of  a  blastoporic  rim 
along  the  anterior  edge,  or  along  the  sides.  There  is  nothing  present 
at  the  anterior  edge  to  suggest  either  an  inturning  of  cells,  or  an 
increase  of  mesoderm.  In  fact,  other  embryos  of  this  sort  show  that 
the  anterior  edge  is  on  the  same  side  of  the  segmentation  cavity  as 
that  on  which  the  embryo  is  formed. 

No.  21.  Here  we  find  something  more  than  a  half- embryo, 
Fig.  21,  but  yet  not  a  whole  one.  A  cross-section.  Fig.  XIX,  through 
the  middle  of  this  embryo  shows  a  broad  medullarj'  plate,  about 
two -thirds  full  breadth.  The  opening  of  the  wide  archenteron  is 
along  one  side  of  the  plate. 

No.  22.  Another  embryo,  Fig.  22,  similar  to  that  of  Fig.  20, 
was  also  cut  longitudinally.  The  median  section,  Fig.  XX,  shows 
the  dorsal  embrj'onic  region  lying  above  a  large  archenteron  which 
opens  out  at  the  posterior  end.  A  large  cavity  in  Aront  of  the  anterior 
end  of  the  embrj^o  is  probably  the  segmentation  cavity.  Only  that 
part  of  its  upper  wall  that  is  on  the  embryo-side  of  the  egg  is 
developed.  The  opj)08ite  side  is  dead,  or  undeveloped,  as  is  also 
the  yolk  on  that  side  of  the  egg. 

No.  23.  The  surface  view,  Fig.  23,  shows  a  whole  embryo  of 
half-size  (or  less)  open  on  the  side  next  to  the  yolk.  A  cross-section, 
posterior  to  the  middle  of  this  embryo,  Fig.  XXI,  shows  that  it  is  not 
quite  as  complete  as  appears  in  surface  view,  since  the  nerve-tube  is 
smaller  on  one  side,   and  the  mesoderm  on  this  side  is  very  little 
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developed.  The  archenteron  is  a  narrow  excentric  split.  The  anterior 
end  of  the  embryo  is  complete,  and  both  sides  eqaally  developed. 
The  region  posterior  to  this  section  is  even  more  incomplete  on  one 
side  than  it  is  at  the  level  of  the  section. 

No.  24.  In  this  embryo,  Fig.  24,  the  anterior  end  of  the 
embryo  is  virell  formed  and  symmetrical,  but  at  the  edge  of  the  black 
])order  it  takes  a  turn  to  one  side,  and  continues  along  the  blasto- 
poric  rim.  The  other  side  shows  no  signs  of  the  formation  of  an 
embryo.  The  sections  were  cut  in  an  oblique  plane  and  add  nothing 
to  what  can  be  seen  in  surface  view.  •  The  anus  is  found  on  the 
lower  side  of  the  egg  at  about  the  level  where  the  embryo  above 
turns  to  one  side.  The  anus  lies,  therefore,  far  removed  from  the 
posterior  end  of  the  embryo. 

No.  25.  The  entire  anterior  end  of  an  embrjo  is  shown  in 
Fig.  25  with  a  widely  open  posterior  part.  The  anus,  as  shown  by 
the  sections,  does  not  lie  at  or  even  near  the  posterior  end  of  the 
nerve  tube,  but  nearly  on  the  opposite  side  of  the  egg.  It  lies  on 
the  black  border  near  the  lower  left  hand  side  of  the  figure,  where 
a  considerable  thickening  of  mesoderm  is  present.  The  rest  of  the 
border  shows  some  signs  of  being  a  blastoporic  rim  —  at  least  for 
the  greater  part  of  its  extent,  since  the  edge  is  slightly  tucked  in, 
and  the  mesoderm  that  is  developed  along  the  edge  is  continuous 
with  that  of  the  embryo. 

No.  26.  This  embryo,  Fig.  26,  is  in  some  respects  similar  to 
the  last.  It  is  shown  in  side  view.  It  was  sectioned  in  a  horizontal 
plane  in  order  to  examine  the  rim  along  the  sides.  On  the  right 
side,  —  that  shown  in  the  figure  —  the  mesoderm  is  thicker  along 
the  rim,  and  about  half  way  down  the  anal  invagination  is  present. 
Below  this  the  rim  is  like  that  of  the  other  side.  Along  that  side 
the  edge  of  the  ectoderm  is  rounded  and  the  mesoderm  comes  down 
to  the  edge.  The  edge  seems  to  be  a  blastoporic  rim,  but  it  should 
be  noted  that  there  is  no  actual  archenteric  inpulling  or  intuming 
of  cells. 

No.  27.  In  this  embryo,  Fig.  27,  the  medullary  plate  has  just 
rolled  in;  the  dark  part,  lying  on  the  yolk,  represents  the  dorsal 
region  only  of  the  embryo.  Fig.  XXII.  On  each  side  of  the  medullary 
plate  the  ectoderm  extends  over  the  yolk;  further  on  the  left  side 
than  on  the  right  There  is  no  indication  that  the  edge  of  ectoderm 
is  a  blastoporic  rim.  Beneath  the  closing  medullary  plate  there  is 
a  large  notochord  and  the  archenteron  is  below  this.     The  embryo 
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is  unique  in  several  respects.  The  ectoderm  of  the  medullary  folds 
(especially  the  one  on  the  yolk -side)  is  lighter  in  color  than  the 
rest  of  the  black  area,  and  this  is  due  to  the  presence  of  yolk  cells 
just  beneath  it,  as  shown  at  one  place  in  the  section.  The  brain 
region  is  little  developed.  There  is  some  evidence  pointing  to  the 
beginning  of  a  regeneration  of  the  right  side;  thus  obliterating  the 
line  along  which  the  archenteron  was  turned  in. 

No.  28.  The  next  embryo,  Fig.  28,  has  the  anterior  end  only 
developed.  Horizontal  sections  show  that  the  lateral  edges  have 
none  of  the  peculiarities  of  a  blastoporic  rim,  except  on  the  side 
opposite  the  posterior  end  of  the  embryo  (the  part  that  is  below  in 
the  figure)  where  an  inturning  of  ectoderm  indicates  the  place  of 
formation  of  the  anus. 

No.  29.  The  anterior  end  of  this  embryo,  Fig.  29,  is  sjTnmetri- 
cally  formed  and  separated  from  the  yolk.  A  cross-section  through 
the  middle  of  the  embryo  is  shown  in  Fig.  XXIIL  The  nerve-cord 
and  notochord  are  small,  whole  structures,  but  the  dorsal  mesoderm 
is  less  developed  on  the  open  side  of  the  embryo,  and  this  condition 
persists  to  the  posterior  end,  where  the  mesoderm  of  the  tail  knob 
is  very  much  developed,  but  more  so  on  one  side  than  on  the  other. 
The  embryo  is  prol)able  a  late  stage  of  one  like  that  shovni  in 
Fig.  21. 

No.  30.  In  this  embryo,  Fig.  30,  only  a  small  part  of  the  egg 
is  organized.  It  has  formed  a  short  embryo  which,  for  the  most  part, 
represents  an  anterior  end.  Cross -sections.  Fig.  XXV,  show  the 
nerve  tube  closed  or  closing  (posteriorly)  and  nearly  symmetrical. 
Mesoderm  is  present  on  both  sides,  especially  at  the  posterior  end. 

No.  31.  This  interesting  embryo.  Fig.  31,  is  not  difficult  to 
interpret.  Only  a  very  short  anterior  part  of  the  brain  lies  in  front 
of  the  meeting  of  the  two  sides  of  the  blastoporic  rim.  A  notch,  or 
dark  line  in  the  figure  indicates  the  posterior  end  of  this  region. 
Along  the  left  side  of  the  rim  a  half-medullary  tube  is  present,  as 
seen  in  cross -section,  Fig.  XXVI.  A  small  round  notochord  lies 
beneath.  The  mesoderm  on  the  yolk-side  is  very  little  developed, 
being  represented  by  a  small  collection  of  cells.  The  anterior  end 
of  the  archenteron  is  shown  in  this  section,  and  a  single  > sucker* 
on  the  ventral  surface.  The  ectoderm  ends  below  in  a  free  edge 
whicli  seems  to  ])e  extending  over  the  yolk.  If  this  edge  is  followed 
into  the  more  posterior  sections  it  will  be  found  to  enclose  a  rounded 
mass  of  mesoderm  cells,  but  shows  no  evidence  of  forming  a  part  of 
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an  embryo  on  this  side.  Still  further  posteriorly  the  anal  invagination 
is  found  at  the  edge;  and  farther  back  this  edge  becomes  continuous 
with  the  other.  It  is  clear  in  this  case  that  only  one  half  of  the 
blastoporic  rim  has  produced  a  half-embryo. 

No.  32.  A  broad,  open  medullary  plate  appears  on  the  black 
part  of  the  egg,  Fig.  32.  Posteriorly  it  projects  as  a  plate  over 
the  surface  of  the  yolk.  A  cross-section,  Fig.  XXVII,  through  the 
posterior  part  shows  the  projecting  plate  is  made  up  of  ectoderm 
above,  a  notochord  beneath,  and  mesoderm  on  each  side.  The 
ectoderm  is  not  continuous  at  the  sides  with  the  mesoderm. 
A  sheet  of  entoderm  lies  between  the  plate  and  the  yolk.  The  sections 
indicate  that  this  posterior  plate  is  a  backgrowth  of  the  posterior  end 
of  the  embryo,  and  is  not  formed  in  situ  from  the  material  in  this 
region,  and  has  no  connection , with  the  yolk  beneath.  In  the  lower 
part  of  the  section  the  ectoderm  of  the  opposite  side  is  present. 

No.  33.  The  surface  views,  Figs.  33  and  33^4  (anterior  end), 
show  nearly  a  whole  medullary  plate  laid  down  along  one  side  of  a 
blastoporic  rim.  The  embryo  is  in  an  early  stage,  and  there  can  be 
little  question  of  a  lateral  secondary  regeneration.  The  cross-section, 
Fig.  XXVIII,  confirms  this  view. 

No.  34.  This  embryo.  Fig.  34,  is,  in  some  respects,  like  the 
last,  but  in  a  later  stage  of  development.  The  embryo  is  turned  to 
one  side,  and  extends  along  the  edge  of  the  blastopore.  No  sections 
were  made. 

No.  35.  A  quadrilateral  cake  of  black  lying  on  a  lighter  yolk, 
Fig.  35,  is  all  that  indicates  an  embryo.  Cross-sections,  Fig.  XXIX, 
show  along  one  edge  (probably  the  upper  one  of  the  surface  view) 
a  half- embryo  has  been  formed.  The  half- medullary  fold  is  just 
rolling  in.  Near  the  edge  is  the  rounded  notochord,  below  which  is 
the  archenteric  split.  The  mesoderm  is  absent  on  one  side.  A 
relatively  small  part  of  the  yolk  (next  the  embryo)  is  organized;  the 
rest  is  filled  with  vacuoles,  swollen  nuclei  and  spaces  filled  with 
red-staining  granules.  At  the  anterior  end  the  nervous  system  is 
nearly  complete  on  both  sides,  and  is  separated  from  the  yolk. 

No.  36.  This  embrj'o.  Fig.  36,  is  a  small  half-embryo.  The 
head  is,  however,  nearly  complete  and  pinched  oflF.  Behind  this  the 
nerve-cord  is  nearly  complete,  but  there  is  only  a  very  little  dorsal 
mesoderm  on  the  yolk- side.  Farther  posteriorly  the  cord  is  less 
rolled  in,  and  is  less  complete  on  the  yolk -side.  •  There  are  only 
a  few   mesoblast    cells   on  this   side.      Along  the    lower   edge   of 
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ectoderm  the  mesoderm  is  thicker,  but  there,  is  scarcely  any  other 
sign  that  the  edge  is  a  blastoporic  rim. 

No.  37.  This  embryo,  Fig  37,  is  a  half-embryo.  Seetions  show 
that  the  anterior  end  is  nearly  complete,  and  partly  pinched  oflF  from 
the  yolk.  In  the  middle  and  posterior  part  the  medullary  tube  is 
rolling  in,  and  is  something  more  than  a  half-structure.  The  noto- 
chord  is  near  the  edge,  and  near  it  there  are  traces  of  a  little  meso- 
derm on  the  yolk  side.  The  mesoderm  on  the  other  side  is  well 
developed. 

No.  38.  The  anterior  end  of  a  medullary  plate  has  formed  in 
this  embryo  Fig.  38.  Its  posterior  end  is  at  the  same  level  with  what 
appears  to  be  a  blastoporic  rim  extending  around  the  middle  of  the 
egg.  The  sections  were  in  a  somewhat  oblique  plane.  They  show 
that  the  ectoderm  does  not  turn  in  at.  the  rim  opposite  the  embryo 
or  at  the  sides.  The  mesoderm  is  much  thicker  along  one  side  than 
along  the  other. 

No.  39.  In  this  same  series  some  of  the  eggs  were  killed  at 
an  earlier  stage,  —  before  the  embryo  had  appeared.  In  Fig.  39  a 
distinct  line  is  present  around  the  dark  border.  The  region  at  which 
the  embryo  would  appear  is  the  upper  part  of  the  figure.  A  longi- 
tudinal section  of  the  egg  (vertical  in  respect  to  this  figure)  shows  that 
the  dorsal  lip  has  advanced  some  little  distance  over  the  yolk,  and 
there  is  a  narrow  archenteric  cavity  reaching  up  to  the  level  of  the 
segmentation  cavity  which  is  still  present.  The  opposite  edge  of  the 
black  portion  (on  the  opposite  side  of  the  segmentation  cavity)  does 
not  extend  beyond  the  level  of  the  segmentation  cavity.  It  is 
slightly  turned  in,  but  abnormal.  The  conditions  are  similar  to  those 
shown  in  Fig.  XXX. 

No.  40.  Another  gastrula-stage  is  shown  in  Fig.  40.  Here  the 
edge  between  the  dark  and  light  is  higher  up  than  the  equator  of 
the  egg.    Sections  of  this  egg  are  like  those  of  the  last  one. 

No.  41.  The  upper  part  of  the  rim.  Fig.  41,  is  the  dorsal  lip 
which  sections  show  has  covered  already  some  distance  of  the  surface 
of  the  egg;  or  at  least  there  is  present  a  long  archenteric  split,  as 
shown  in  Fig.  XXX ;  from  which  I  infer  that  an  overgrowth  may  have 
taken  plaee.  The  yolk  cells  at  the  anterior  end  of  the  tirchenteron 
project  into  the  segmentation  cavity,  as  though  they  had  pushed  into 
it.  On  the  opposite  side  of  the  segmentation  cavity  the  ectodermal 
roof  stops  al)ruptly  and  a  few  scattered  nuclei  lie  near  by  in  the  yolk. 

No.  42.    The  black- white .  rim  extends  around  and  above  the 
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equator  of  the  egg  Fig.. 42.  Sections,  Fig.  XXXI,  show  that  the  archen- 
teron  has  just  begun  to  develop,  and  the  pulling  in  of  the  yolk  cells  to 
form  the  invagination  is,  in  some  places,  very  apparent.  The  cells 
over  the  roof  of  the  segmentation  ca>dty  reach  only  to  the  far  side, 
where  numerous  irregular  nuclei  lie  in  the  yolk.  The  free  black  edge 
of  this  side  has,  therefore,  nothing  to  do  with  a  blastoporic  rim. 

This  fact  throws  a  good  deal  of  light  on  several  of  the  pre- 
ceding cases,  since  it  shows  that  the  anterior  black-white  rim  may 
sometimes  have  nothing  at  all  to  do  with  a  blastoporic  formation, 
although  it  may  be  continuous  at  the  sides  with  the  latter,  as  shown 
in  Figs.  27 — 30.     This  point  will  be  more  fully  discussed  later. 

No.  43.  A  diminutive  embryo  appears  on  the  black  part  of  the 
egg.  Fig.  43,  from  which  a  tail-like  extension  of  the  medullary  folds 
grows  backwards  over  the  yolk.  A  cross-section  through  the  an- 
terior end,  Fig.  XXXII,  shows  a  nearly  sj-mmetrical  medullar}'  fold. 
The  mesoderm  is  developed  only  on  one  side.  The  ectoderm  appears  to 
have  grown  secondarily  somewhat  over  the  yolk  on  the  side.  Posterior 
sections  show  that  the  archenteron  must  have  turned  in  along  the 
side  —  at  least  of  the  more  posterior  part.  One  of  the  more  posterior 
sections,  Fig.  XXXIU,  shows  that  the  medullary  plate  is  incomplete  on 
one  side,  and  the  mesoderm  is  also  less  on  this  side  than  on  the 
other.  The  anal  invagination,  as  shown  in  this  section,  is  far  re- 
moved from  the  embryonic  region.  It  lies  nearly  on  the  opposite 
side  of  the  egg  along  the  lower  rim  of  ectoderm.  Cross-sections  of 
the  tail-like  extension  show  that  the  medullary  plate  is  open  and 
incomplete  on  one  side.     Below  it  are  a  notochord  and  mesoderm. 

No.  44.  This  embryo,  Figs.  44  and  44^,  was  a  complete  puzzle 
until  sectioned.  As  seen  from  one  side,  Fig.  43,  a  large  yolk-mass 
is  nearly,  but  not  completely  surrounded  by  a  black  band.  At  one 
point  the  band  is  thinner,  and  a  » sucker*  is  present  in  this  region. 
When  turned  over,  Fig.  32  A^  the  egg  presents  nearly  the  same 
appearance.  Cross-sections  of  the  egg  show  that  while  the  two  bands 
are  separated  at  one  end  by  the  injured  yolk,  they  more  nearly  come 
together  in  the  region  of  the  >sucker«.  One  of  the  cross-sections  is 
shown  in  Fig.  XXXIV.  On  the  right  side  the  anterior  end  of  the  embrjo 
is  seen.  This  region  is  in  front  of  the  anterior  end  of  the  nervous 
system,  which  appears  on  this  side  a  few  sections  further  back. 
A  large  pharyngeal  cavity  is  present  surrounded  by  organized, 
nucleated  yolk,  which  is  sharply  separated  oflF  from  the  undeveloped 
yolk.    On  the  opposite  side  of  this  section  the  other  band  is  cut 
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across,  and  in  it  the  anal  invagination  is  seen  (it  opens  to  the  ex- 
terior in  other  sections).  A  more  posterior  section  is  shown  in 
Fig.  XXXV.  The  nerve  tube  (to  the  right)  is  closed.  Beneath  it  lies 
the  anterior  end  of  the  notochord,  and  below  this  is  the  archenteron 
in  a  nucleated  yolk-mass.  On  the  opposite  side  of  the  section  a  mass 
of  cellulated  yolk,  covered  by  a  sheet  of  ectoderm,  is  present.  The 
yolk  between  the  two  regions  is  much  injured.  Fifteen  sections  be- 
hind this  the  nerve-tube  ends  as  well  as  its  band.  The  opposite  band 
ends  even  sooner. 

It  is  evident  that  this  embr^'o  is  in  two  pieces  that  can  scarcely 
be  said  to  be  united  at  all  except  by  injured  yolk.  One  piece  con- 
tains the  archenteron  and  a  short  nervous  system  and  notochord. 
The  other  the  anal  invagination.  The  interpretation  is  as  follows. 
One  of  the  white  surfaces,  shown  in  one  of  the  surface  views,  Fig.  44, 
is  the  yolk  of  the  lower  hemisphere.  The  other,  Fig.  44-4,  is  the 
dead  roof  of  the  segmentation  cavity.  The  two  bands  are,  therefore, 
equatorial  rings  that  have  never  united  posteriorly,  while  anteriorly 
only  a  slight  connection  exists  in  the  region  of  the  > suckers*. 

No.  45.  What  appears  to  be  only  a  portion  of  an  individual 
has  developed  in  this  case.  Fig.  45.  A  curved  sucker  is  the  most 
conspicuous  object  in  surface  view.  A  section  nearly  at  right  angles 
to  the  length  of  the  sucker  shows  that  only  the  brain  end  of  the 
nervous  system  is  present,  Fig.  XXXVI,  which  extends  through  only 
a  few  sections.  A  large  archenteron  (pharyngeal  cavity)  is  present  in 
other  sections. 

No.  46.  A  very  small  triangular  black  area  appears  to  represent 
an  embryo  of  some  sort,  Fig.  46.  Sections  show  that  a  nerve-cord 
has  developed  along  one  side.  A  section  through  the  more  anterior 
region  is  shown  in  Fig.  XXXVII.  Only  a  very  small  part  of  the  egg 
is  organized,  the  rest  being  much  vacuolated.  The  archenteron  opens 
along  one  side  of  the  black  area.  A  rounded  nerve  tube  (brain) 
appears  in  this  section,  and  below  it  a  collection  of  cells  represent 
the  mesoderm.  A  few  sections  further  back  the  nerve  tube  is  open, 
Fig.  XXXVn  A,  and  is  obviously  an  incomplete  structure.  Still  further 
back  a  notochord  is  present  below  and  at  one  side  of  the  nerve-tube, 
Fig.  XXX\TIi?.  At  the  posterior  end,  C,  only  the  nerve-plate  is  found. 
In  this  case  it  is  evident  that  a  piece  of  an  embryo  has  developed. 
The  piece  represents  little  more  than  half  of  the  dorsal  region. 

No.  47.  An  embr}'o  lies  along  the  edge  of  the  black  area, 
Fig.  47.    Both  medullary  folds  are  present,  but  the  one  on  the  side 
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next  the  yolk  is  smaller  and  lighter  in  color.  A  cross-section  through 
the  middle  of  this  embryo,  Fig.  XLIV,  shows  the  mednllarj'  plate 
bent  in  and  ending  abruptly  on  the  yolk  side.  Beneath  it  lies  the 
notochord  with  a  small  amount  of  mesoderm  on  the  yolk  side.  The 
archenteron  opens  along  one  side  of  the  embrj'o  to  the  exterior.  The 
segmentation  cavity  is  present  in  the  lower  part  of  the  section.  The 
ectoderm  forming  its  roof  ends  abruptly  on  the  side  opposite  that 
on  which  the  embryo  lies. 

No.  48.  The  following  four  cases  (as  well  as  the  last  one, 
No.  47)  are  from  another  series,  the  first  of  these,  Fig.  62,  shows  a 
very  small  embrjo  lying  obliquely  on  the  black  part  of  the  egg. 
Sections  show,  Fig.  XLV,  that  the  embryonic  part  lies  to  one  side 
of  the  old  segmentation  cavitj'^  whose  upper  wall  is  composed  of  dead, 
or  degenerating  cells.  The  opposite  side  is  undeveloped  and  contains 
swollen  nuclei  and  pigment.  The  embryo  is  not  verj-  well  developed. 
The  archenteric  ingrowth  seems  to  have  been  along  one  side.  Nearly 
the  whole  egg,  except  the  embryonic  area  is  degenerating,  even  much 
of  the  black  part  itself  is  disorganised. 

No.  49.  This  embryo  Fig.  63  is  more  than  half,  and  the 
medullary  fold  on  the  yolk  side  is  lighter  in  color  and  may  be  re- 
generating from  the  other  half.  A  cross-section,  Fig.  XLVI,  shows 
something  more  than  half  an  embryo  with  the  inner  medullary  fold 
less  developed  than  the  other.  The  archenteron  has  turned  in  along 
the  black-white  edge.  The  pulling  in  of  cells  to  form  the  anal  in- 
vagination is,  at  the  free  edge  of  the  ectoderm,  opposite  the  embryonic 
region  at  the  level,  in  the  figure,  where  the  ectoderm  ends  below,  but 
somewhat  further  back. 

No.  50.  This  embryo  is  also  relatively  small  and  lies  obliquely  on 
the  black  area,  Fig.  64.  Cross-sections  show  that  the  open  medullary 
plate  is  less  developed  on  the  inner  side.  The  notochord  is  somewhat 
excentric  and  there  is  less  mesoderm  on  the  inner  than  on  the  outer  side. 
A  cross-section  through  the  tail  end,  Fig.  XLIII,  shows  the  tliickened 
ectoderm  above  (it  is  the  medullary  plate),  the  notochord  below,  with 
mesoderm  on  each  side.  Nearly  opposite  this  region  there  is  a  small 
patch  of  ectoderm  which  ends  a  few  sections  further  back,  and  just 
beyond  it  the  yolk  cells  have  drawn  in  to  form  the  anal  invagination. 
The  position  of  this  invagination  is  shown  in  surface  \iew  in  Fig.  64^. 
It  lies  at  the  upper  pointed  free  end  of  the  ectoderm.  The  in- 
vagination lies  nearly  180  degrees  from  the  posterior  end  of  the 
embryo,  but  continuous,  organized  material  connects  the  two  parts. 
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No.  51.  This  embryo,  Fig.  65,  is  extremely  abnormal  and 
consists  of  the  anterior  end  of  the  medullary  plate  from  which  there 
has  grown  backwards  a  tail-like  extension  over  the  yolk.  Sections 
show  a  notochord  beneath  the  medullary  plate  with  mesoderm  on 
each  side.  A  cross-section  through  the  anterior  end  of  the  medullary 
plate  is  shown  in  Fig.  XLVII.  The  thick  plate  of  ectoderm  is  the 
medullary  plate  with  a  projecting  median  structure.  The  ectoderm 
extends  a  short  distance  to  the  left,  and  just  beyond  it  a  deep  in- 
growth of  yolk  cells  makes  the  anal  invagination,  which  lies  not 
quite  half  way  around  the  black  border.  The  posterior  tail-like 
part,  seen  in  surface  view,  is  probably  a  regenerative  extension  of 
the  medullary  folds. 

The  Immediate  Effect  of  the  Centrifugal  Force. 

In  most  cases  a  few  of  the  eggs  were  preserved  at  the  time  they 
were  taken  from  the  wheel.  Some  of  these  were  cut  into  sections. 
The  condition  of  the  eggs,  from  which  the  embryos  described  in 
Fig.  1  to  Fig.  47  came,  is  illustrated  in  Fig.  XL.  It  may  be  re- 
called that  the  eggs  had  been  put  on  the  machine  at  about  the 
128-cell  stage,  and  had  revolved  at  the  rate  of  180  revolutions  per 
minute  for  7^2  hours.  The  figure  shows  that  the  cleavage  has  con- 
tinued in  the  upper  hemisphere  where  many  small  cells  are  present. 
Cells  have  been  formed  even  under  the  floor  of  the  segmentation 
cavity.  The  egg  appears  not  to  have  produced  any  more  cleavage 
l)lanes  in  the  lower  hemisphere  than  were  present  when  it  was  put 
on  the  machine. 

The  eggs  from  which  the  embryos  described  as  No.  48  to  No.  51 
developed,  were  put  on  the  machine  at  the  two-cell  stage,  or  at  the 
beginning  of  the  cleavage  period.  Some  of  the  eggs,  when  taken 
from  the  machine,  were  very  much  injured.  It  is  probable  that  these, 
when  put  on  the  machine,  had  not  developed  so  far  as  the  others 
that  are  less  injured.  Only  a  few  cells  appear  to  have  formed, 
Fig.  XLI,  which  lie  on  one  side  of  the  e<^g  at  or  below  the  equator. 
It  can  not  be  stated  whether  these  cells  appear  on  that  side  of  the 
egg  at  which  the  embryo  forms,  for,  however  attractive  such  an 
hyi)()the8is  would  be,  there  arc  no  conclusive  facts  either  for  or 
against  it ;  except  that  in  other  eggs  in  which  an  embryo  appears  it 
develops  at  about  this  level,  and  the  other  side  of  the  egg  appears 
undeveloped.  Another  egg  of  this  same  sort,  but  in  a  later  stage,  is 
shown  in  Fig.  XXXVIII.    The  upper  hemisphere  is  composed  of  a 
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broken  down  mass  of  vacuolated  substance  with  scattered  pigment- 
blotches.  The  nuclei  are  swollen  or  else  have  disintegrated.  Over 
a  small  part  of  one  side  of  the  egg  —  the  upper  left  hand  comer 
in  the  figure  —  a  plate  of  small  cells  is  present.  It  is  the  only 
trace  of  any  definite  structure  in  the  egg. 

The  other  kinds  of  eggs  in  this  lot  are  like  that  shown  in 
Fig.  XXXIX.  A  distinct  segmentation  cavity  is  present,  and  the 
upper  hemisphere  is  divided  into  cells.  The  nuclei  are  confined  to 
the  region  above  the  equator.  The  lower  hemisphere  is  divided  by 
a  few  vertical  furrows.  The  egg  is  not  very  dissimilar  from  that  of 
Fig.  XL. 

Finally  I  have  made  a  few  sections  of  eggs  put  on  the  machine 
before  the  cleavage  had  begun,  and  which  did  not  subsequently 
divide.  There  is  a  watery  zone  or  disc  at  the  top  of  the  egg.  Below 
this  there  is  a  zone  of  finely  granular  material,  which  contains  the 
pigment  that  has  been  driven  out  of  the  top  of  the  egg.  The  rest 
of  the  egg  is  filled  with  yolk.  No  nuclei  were  found.  In  this  case 
the  influence  of  the  centrifugal  force  has  been  so  strong  and  the 
egg ,  has  been  so  much  changed  that  it  has  failed  to  divide,  and  does 
not  develop.  It  is  interesting  to  note  that  these  eggs  were  not 
rotated  any  faster  than  others  that  continued  to  segment.  They  were 
unsegmented  when  put  on  the  wheel,  and  as  the  results  show  the 
unsegmented  eggs  can  not  withstand  the  influence  of  the  centrifugal 
force  so  well  as  can  eggs  that  have  begun  to  segment  when  put  on 
the  wheel. 

How,  it  may  be  asked,  has  the  centrifugal  force  acted  on  the 
eggs  so  that  they  develop  abnormally?  In  the  first  place,  there  can 
be  no  doubt  that  the  centrifugal  force  tends  to  drive  the  heavier 
I)art8  towards  the  white  pole,  and  the  lighter  parts  will  rise  to  the 
black  pole.  The  yolk  granules  seem  to  be  heavier  than  the  pro- 
toplasm in  which  they  lie  embedded,  and  we  should  expect  them, 
in  consequence,  to  be  driven  out  of  the  upper  hemisphere,  and  into 
that  part  of  the  egg  that  is  turned  outwards  as  it  rotates.  The  sec- 
tions show  that  a  change  of  this  sort  does  to  some  extent  take  place. 
But  e»^en  if  this  is  the  case,  will  it  account  for  the  lack  of  de- 
velopment of  the  lower  hemisphere?  It  seems  to  me  that  it  is 
only  one  of  the  factors  in  the  result.  Another  factor  may  be  the 
failure  of  the  nuclei  to  penetrate  into  the  lower  hemisphere.  This  may 
be  due  either  to  the  nuclei  which  are  lighter  than  the  yolk  being 
held  in  the  lighter  part  of  the  egg,  or,  to  the  failure  of  the  nuclei 
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to  penetrate  into  the  denser  parts  of  the  egg.  In  addition  to  these 
two  possibilities,  that  have  been  suggested  by  0.  Hertw^ig,  there 
may  be  a  third  and  more  important  factor  than  either  of  these. 
Many  different  kinds  of  experiments  have  shown  that  the  protoplasm 
of  the  white  hemisphere  is  more  easily  injured  than  that  in  the  upper 
parts  of  the  egg,  and  the  centrifugal  force  appears  to  have  produced 
a  similar  effect  and  to  have  injured  directly  the  protoplasm  of  the 
lower  hemisphere,  so  that  it  fails  to  take  part  in  the  development. 

Older  Less  Injured  Stages. 

A  not  uncommon  form  of  embryo  found  in  later  less  injured 
stages  is  shown  in  Fig.  59.  The  yolk  protrudes  at  the  posterior  end, 
and  is  surrounded  by  the  thick  lips  of  the  blastopore.  The  blasto- 
poric  rim  may  be  a  continuation  of  a  half-medullary  fold,  etc.,  on 
each    side;    or    the    median    dorsal    part   of  the   embryo    may,   in 

some  cases  bend  to 
one  side  onlv,  and 
produce  a'  whole 
structure  along  that 
border.  In  the  lat- 
ter case  the  other 

blastoporic  rim 
would  remain  un- 
developed, although 
it  might  later  cover 
over  the  volk  at 
the  side.  In  this 
embrjo  there  is 
rather  a  larger  pos- 
terior protrusion  of 
A  yolk    than    in    the 

average. 
Still  older  stages  of  embryos  that  have  been  on  the  centrifugal 
machine  show  the  condition  represented  in  Figs.  60  and  61.  At  the 
posterior  end  there  is  a  large  plug  of  yolk.  The  black  rim  around 
the  yolk  represents,  in  most  cases,  the  lips  of  the  blastopore.  In 
older  stages  the  protruding  yolk  may  still  be  present,  but  it  finally 
disapi)ears  either  by  being  dra>m  in,  or  sometimes  by  disintergrating. 
A  lar^c  opening  remains  at  the  posterior  end  which  seems  to  !)e- 
come  the  anus. 
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A  longitudinal  section  showing  the  posterior  end  of  the  embryo 
drawn  in  Fig.  60  is  drawn  in  Textfig.  A,  On  the  dorsal  side,  the 
archenteron  opens  to 
the  exterior  above  the 
protruding  yolk.  On 
the  ventral  side  there 
is  an  intaming  of  cells 
at  the  edge  of  the  ecto- 
derm. This  is  the 
anal  invagination  of 
earlier  stages.  A  lon- 
gitudinal median  sec- 
tion of  an  older  embrv^o, 
Textfig.  B,  shows  at  the 
posterior  end  the  same 
conditions  as  before. 
The  anal  invagination 
is  deeper  in  this  case. 


B 


Effect  of  Cold  on  the  Development. 

A  number  of  eggs  of  Ban  a  palustris  were  put  into  the  ice- 
chest  just  as  the  dorsal  lip  of  the  blastopore  had  appeared  on  many 
of  them.  They  were  left  there  for  many  days.  During  this  time 
abnormal  changes  took  place  in  the  eggs.  They  became  much  larger 
than  the  normal  egg,  and  a  large  fluid  cavity  could  be  seen  in  the 
yolk.  The  blastoporic  lips  extended  around  the  egg  along  the  line 
between  the  dark  and  light  cells,  or  even  higher  up.  Some  of  the 
embrj^os  appeared  as  shown  in  Figs.  48  and  49.  Sections  of  these 
eggs,  Textfig.  C,  show  that  along  the  blastoporic  line  cells  have 
pulled  in  to  form  the  beginning  of  the  archenteron.  This  is  deeper 
on  one  side  (anterior)  of  the  egg  than  elsewhere.  A  large  excentric 
cavity  is  present  in  the  yolk.  Whether  this  has  been  derived  from 
the  segmentation  cavity  can  not  be  told.  If  so  it  has  shifted  its 
position.  The  most  remarkable  fact  shown  by  the  sections  is  the 
relatively  large  size  of  the  cells  of  the  upper  hemisphere.  This 
may  be  due  in  part  to  the  absorption  of  water  by  the  individual 
cells,  but  even  if  this  is  the  case  the  cells  are  fewer  in  number  than 
in  a  normal  egg  beginning  to  gastrulate.  I  conclude,  therefore,  that 
these  eggs  had  not  reached  the  gastrula-stage  when  put  on  the  ice, 
and  without  dividing  further  they  proceeded  to  gastndate.    It  will 
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also  be  seen,  both  in  surface  riew  and  in  section,  that  die  blastoporic 
rim  has  developed  above  the  equator  of  the  egg.  It  lies  mncfa 
higher  up  on  the  egg  than  does  the  normal  blastopore. 

Some  of  the  eggs  on  the  ice  produced  abnormal  embryos. 
One  of  these  is  shown  in  Fig.  50.  A  nearly  complete  medullary 
jilate  lies  parallel  to  the  black-white  edge.  There  can  be  no  donlit 
that  the  complete  dorsal  side  has  formed  along  one  side  of  the 
blastopore  as  is  the  case  in  some  of  the  eggs  on  the  centrifugal 
machine.    Another  embryo  is  shown  in  Fig.  51.    Here  a  broad,  open 

medullary  plate  is 
present,  that  projects 
posteriorly  over  the 
yolk.  The  embryo  is 
similar  to  those  re- 
presented in  Figs.  20 
and  22  from  the  cen- 
trifugal machine. 

Another  embrjo, 
Fig.  52,  is  also  re- 
presented by  an  an- 
terior medullary  plate. 
At  the  posterior  end 
two  projections  — 
looking  like  tail- 
knobs  —  extend  back- 
wards, from  the  edges 
of  the  mednllarj-  fold, 
Q  over  the  yolk.     The 

embryo  is  similar  to 
those  obtained  by  Gurwitscii  that  were  placed  in  a  Vioou  strychnine 
solution,  which  he  thought  had  a  specific  action  on  the  egg.  This 
embryo  —  and  the  preceding  one  Jilso  —  is  the  result  of  the  failure 
of  the  dorsal  lip  to  grow  backwiirds,  or  rather  it  is  due  to  the  failure 
of  the  lateral  li])a  to  continue  the  dorsal  lip  backwards.  The  embrj'o 
not  turning  to  one,  or  to  the  other  side,  remains  short  It  has  se- 
condarily grown  backwards  over  the  yolk. 

A  number  of  other  abnormalities  were  also  obtained  in  tliis  set, 
c^]iecially  sncli  as  had  a  shortened  medullary  plate  and  a  posterior 
yolk  exposure.  The  figures  will  suffice  to  show  the  similarity  of  some 
of  these  emliryos  to  those  from  the  centrifugal  machine. 
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Spina  bifida. 

As  Roux  first  pointed  out  it  is  not  uncommon  to  find  ring-em- 
bryos —  the  extremest  form  of  spina  bifida  —  in  lots  of  eggs  that 
have  not  been  subjected  to  any  special  treatment,  and  in  the  same 
lots  many  normal  embryos  may  be  present.  I  have  observed  that 
these  ring-embryos  are  most  often  found  in  the  middle  of  bunches, 
or  on  the  lower  side,  where  the  supply  of  oxygen,  or  the  excess  of 
carbon  dioxide,  or  perhaps  other  influences  help  to  bring  about  the 
result  ^).  I  have  obtained  some  very  extreme  forms  of  this  modification, 
which  are  here  figured,  Figs.  53—56,  since  they  have  a  direct  bear- 
ing on  the  discussion  as  to  the  correspondence,  or  to  the  lack  of 
correspondence  of  the  blastoporic  rim  in  the  ring-embryos  and  the 
early  stages  of  the  normal  embr^^o.  One  of  these  embryos  is  shown 
in  its  anterior  aspect  (dorsal  lip)  in  Fig.  53,  and  in  posterior  view 
in  Fig.  54. 

A  thick  ring  runs  around  the  egg  somewhat  above  the  equator. 
In  the  mid-posterior  end  a  depression  marks  the  anal  invagination. 
A  longitudinal  section  of  the  embryo  is  drawn  in  Fig.  XLII.  This 
shows  even  more  distinctly  that  the  embryonic  rim  has  formed  above 
the  equator  of  the  egg.  A  curious  and  striking  fact  is  the  presence 
in  this  embryo  of  little  holes  and  splits  in  the  yolk  near  the  an- 
terior end.  Each  such  hole  or  split  has  a  border  of  pigment.  It  is 
as  though  the  entoderm  cells  were  drawing  apart  at  various  points 
to  form  archenteric  cavities.  In  part  this  phenomenon  may  be  due 
to  the  development  of  the  liver  diverticulum,  but  it  has  also,  I  be- 
lieve, a  profounder  significance,  and  represents  a  tendency  of  the 
yolk-cells  to  pull  in  to  form  the  anterior  end  of  the  archenteron. 
It  is,  of  course,  possible  that  the  pigmented  cells  have  drawn  in  at 
the  anterior  rim  of  the  blastopore,  and,  in  fact,  there  is  a  narrow 
pigmented  split  in  this  region,  but  many  of  the  cavities  appear  quite 
separate  from  the  others. 

Another  similar  ring-embryo  is  represented  in  Fig.  55  (anterior 
end)  and  in  Fig.  56  (posterior  end).  Sections  of  this  embrj^o  were 
exactly  like  the  last.  The  archenteric  cavity  is  represented  by  a 
pigmented  split  beginning  at  the  anterior  blastoporic  rim.  It  appears 
to  be  continuous,  and  not  separated  into  different  splits  as  in  the 
former  case.    At  the  posterior  end  of  this  embryo,  as  seen  in  surface 


<)  It  is  also  probable  that  internal  changes  may  produce  the  same  result. 
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view,  a  groove  is  present  leading  backwards  over  the  ectoderm  from 
the  edge  of  the  blastoporic  rim.  The  groove  appears  to  represent 
the  groove  that  in  the  normal  embryo  appears  behind  the  closed 
blastopore,  and  leads  to  the  invagination  which  forms  the  permanent 
anus,  but  this  interi)ret2ition  is  open  to  question.  The  theoretical 
bearing  of  these  ring-embryos  will  be  discussed  later. 

Embryos  with  Open  Medullary-Folds. 

Hektwig  ('98)  has  described  certain  abnormal  frog  embryos  in 
which  the  medullary  plate  fails  to  roll  in  and  whose  floor  is  occupied 
by  abnormal  cells.  He  founds  these  abnormalities  very  conmion  in 
eggs  that  had  developed  at  an  unusually  high  temperature.  Mor- 
gan ('95)  had  previously  obtained  similar  embryos  with  the  teleost 
egg  by  diluting  the  sea-water  with  an  equivalent  amount  of  spring 
water.  In  one  of  my  sets  of  frog's  eggs,  which  had  developed  in 
dishes  in  the  laboratory,  similar  embryos  were  found.  The  eggs 
had  received  no  special  treatment.  Tw^o  of  these  are  shown  in 
Figs.  57  and  58.  In  the  first,  the  blastopore  has  closed,  but  the 
medullary  plate  is  still  widely  open,  and  its  floor  contains  projecting 
groups  of  abnormal  cells.  The  other  embryo,  Fig.  58,  has  the  blasto- 
pore open  and  filled  with  the  yolk.  It  is  in  this  respect  a  typical 
spina  bifida  embryo.  The  anterior  medullary  plate  has  not  closed 
in  and  its  floor  contains  abnormal  cells.  Since  most  of  the  embryos 
in  this  bunch  went  normally,  it  is  difficult  to  say  what  conditions 
brought  about  the  result. 


General  Discussion  of  Results. 

The  interpretation  of  some  of  the  abnormal  embryos  described 
in  the  preceding  pages  has  been  already  implied  in  some  of  the 
brief  descriptions,  but  we  may  make  here  a  systematic  examination 

of  the  results. 

Half-Embryos. 
Examples  Figs.  5,  8,  37. 

It  is  not  infrequent  to  find  half-embrj'os  which  are  as  strictly 
half  as  were  those  obtained  first  by  Roux,  and  later  by  others, 
wlien  one  of  the  first  two  blastomeres  is  killed.  In  both  cases  the 
anterior  end,  or  head  of  the  embryo  is  more  than  half,  but  in  the 
middle  and  posterior  regions  of  the  body  there   is  present  a  half- 
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medullary  plate,  a  half-archenteron,  and  the  dorsal  mesoderm  is 
entirely,  or,  for  the  most  part,  on  one  side.  In  both  cases  the 
notochord  is  rounded,  but  apparently  of  smaller  size  than  in  the 
whole  embryo.  My  results  leave  no  doubt  as  to  how  these  half- 
embryos  are  produced.  The  dorsal  lip  of  the  blastopore  first  appears, 
and  its  lateral  lips  begin  to  extend  out  on  each  side.  Sometimes, 
the  lateral  lip  extends  out  only  on  one  side,  and  not  at  all,  or  to 
a  limited  extent,  on  the  other.  Wherever  it  extends  the  cells  draw 
in  along  its  path  to  form  the  archenteron.  It  is  along  this  line  that 
the  half-embryo  is  laid  down. 

The  anterior  end  of  the  embryo  is  formed  from  the  continuous 
material  in  front  of  the  dorsal  lip,  hence  it  is,  as  a  mle,  more  or 
less  complete.  Along  the  edge  of  the  blastopore  the  half-embryo  is 
formed  in  much  the  same  way  as  in  cases  of  spina  bifida,  except 
that  only  one- half  develops.  The  lack  of  development  of  the  other 
half  can  be  traced  in  all  cases  to  the  fact  that  this  side  of  the  egg 
is  so  injured  that  the  lateral  lip  is  not  formed,  or  formed  only  near 
the  dorsal  lip.  In  proportion  as  both  are  laid  down  the  head  may 
extend  further  backwards,  or  an  approach  to  spina  bifida  is  made. 
It  must  be  recalled  that  the  dorsal  and  lateral  lips  are  formed  just 
below  the  segmentation  cavity,  and  sections  of  early  stages  show 
that  the  material  is  often  injured  in  this  region.  It  is  not  surprising 
to  find  that  occasionally  it  may  be  more  injured  on  one  side  than 
on  the  other. 

Whole  Embryos  along  One  Side  of  the  Blastoporic  Rim. 

Examples  Figs.  1,  4,  10,  17,  19,  (27),  33,  (63). 

So  many  cases  of  this  sort  have  been  found  that  it  is  possible 
to  state  with  some  assurance  how  the  result  has  come  about. 
Moreover  it  is  a  result  that  has  an  important  bearing  on  the  principal 
question  with  which  we  have  to  deal.  The  embryo,  drawn  in  Fig.  1, 
is  a  good  example  of  this  sort  of  development.  The  head  stands 
nearly  at  right  angles  to  the  rim  (or  at  least  to  that  part  of  it  that 
lies  to  the  right),  but  the  rest  of  the  medullary-plate  turns  abruptly 
behind  the  head  to  run  along  the  black  edge.  The  all-important 
question  to  determine  is  whether  the  edge  is  the  blastoporic  rim  of 
one  side,  or  a  new  formation,  having  no  relation  to  the  normal  rim. 
This  embryo  is  too  old  to  determine  this  point  definitely,  but  several 
others  leave  no  doubt  on  this  point.  The  embryo  drawn  in  Fig.  21, 
with  its  cross-section  in  Fig.  XIX,  shows  clearly  that  the  archenteric 
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invagination,  which  is  the  most  important  point  for  the  determination 
of  the  blastoporic  rim,  extends  along  the  side  of  the  medullary  plate. 
This  plate  is  not,  to  be  sure,  complete  on  the  yolk  side,  but  never- 
theless it  is  more  than  half  of  a  plate. 

Another  embrj'o.  Fig.  19,  is  a  lateral  embryo  that  has  a  medullary- 
fold  also  on  the  yolk-side,  and  the  cross-section.  Fig.  XVII,  shows 
that  along  the  rim  an  archenteric  invagination  has  taken  place  and 
still  communicates  with  the  exterior.  The  notochord  is  not  immediatelv 

•r 

at  the  edge,  but  somewhat  to  the  left  (in  the  section).  In  this  same 
section  it  is  interesting  to  note  that  the  ectoderm  extends  over  only 
a  part  of  the  roof  of  the  segmentation  cavity,  and  on  the  side  opposite 
that  of  the  embryo  there  is  no   development  of  cellular   material. 

The  impossibility  of  the  extension  of  the  other  side  of  the 
blastopore  into  this  region  is  apparent.  This  suggests  immediately 
the  idea  that  the  formation  of  the  whole  embrj^o  along  one  side  is 
connected  with  the  absence  of  the  other  half  of  the  blastoporic  rim. 
In  fact  the  results  establish  this  point  of  view  with  some  degree  of 
certaint}'. 

Another  embryo  of  the  same  kind  is  even  more  convincing, 
Figs.  33  and  34^1.  For  its  entire  length  the  embryo  lies  along  the 
dark  edge.  The  sections  show  an  archenteric  opening  along  this 
edge.  The  notochord  is  some  little  distance  from  the  edge  and  lies 
in  the  mid-dorsal  line.  The  dorsal  mesodenn  is  present  on  both 
sides  of  the  notochord.  It  will  be  seen  that  in  this  case  also  the 
organized  part  lies  only  on  one  side  of  the  segmentation  ciivitj', 
the  other  not  being  cellular. 

These  cases  will  suffice  to  illustrate  the  main  points  although 
there  are  others,  noticeably.  Figs.  17,  29,  37,  7,  which  show  the 
same  conditions. 

The  point  of  great  theoretical  interest  that  is  illustrated  by  these 
embryos  is  that  a  whole  structure  is  formed  along  one  side  of  the 
archenteric  invagination.  Out  of  material  that  under  usual  conditions 
would  develop  a  half-structure,  sometimes  more  than  half  is  formed. 
The  point  that  I  wish  especially  to  emphazise  is  not  so  much  that 
a  whole  embryo  forms  out  of  material  that  would  ordinarily  make 
only  a  half-embryo  *),  but  rather  that  a  structare  (the  blastoporic  rim) 
is  made  use  of,   or  is  followed  as  a  basis  for  the  whole  structure. 


1)  I  do  not  mean  a  preformed  region  in  the  egg^  but  that  material^  what- 
ever its  source,  that  lies  along  tlie  blastoporic  rim  wherever  it  may  appear 
on  the  egg. 


The  Relation  Between  Normal  and  Abnormal  Development  etc.       297 

The  whole  does  not  form  anywhere  in  the  organized  material,  but 
follows  already  existing  lines. 

The  question  of  lateral  regeneration,  or  post-generation,  as  Roux 
calls  it,  may  be  raised  here.  Is  a  half-embrj'o  first  formed,  as  we 
may  suppose  Roux  would  claim,  and  the  other  half  postgenerated 
suddenly  from  it?  Decidedly  not,  for  while  it  is  possible  that  such 
a  method  of  completion  does  take  place  at  times,  and  might  make 
more  complete  the  part  laid  down,  yet  this  point  of  view  is  too 
narrow  to  explain  all  cases,  or  even  most  of  them.  At  the  time 
when  Roux  formulated  his  view  of  post-generation  many  facts,  which 
are  now  known,  were  unknown,  or  not  fully  appreciated.  Later 
discoveries  have  shown  that  a  whole  structure  mav  suddenlv,  as 
it  were,  be  formed  out  of  material  already  pre-arranged  to  form 
a  part  of  a  whole,  but  there  can  be  little  question  that  a  certain 
amount  of  time  is  necessarj^  to  bring  about  this  result,  and  that  it 
is  regulated  by  the  heterotropic  conditions  in  the  part.  This  con-  'i, 
ception  we  must  also  apply  to  these  cases  of  lateral  whole  develop- 
ment of  the  frog's  egg. 

The  condition  found  in  the  youngest  stage  of  the  lateral  whole 
embr^^o  make  it  certain  that  the  whole  medullary  plate  is  often  laid 
down  at  once,  although  it  is  sometimes  less  complete  on  the  yolk 
side  than  on  the  other,  and  sometimes  in  later  stages  the  less  com- 
plete side  shows  evidence  of  completing  itself 

It  has  always  been  puzzling  to  me  how  a  half- embryo  could, 
as  Roux  claims,  post-generate  the  dorsal  mesoderm  on  the  incomplete 
side  since  the  nervous  system,  and  the  notochord,  which  are  laid 
down  at  the  same  time  as  the  mesoderm,  would  apparently  interfere 
with  a  migration  of  cells  across  the  middle  line.  In  the  embr}'os 
that  I  have  studied  there  is  no  difficulty  in  seeing  how  post-generation 
or  regeneration  of  the  missing  mesoderm  could  take  place,  since  in 
nearly  every  instance  the  notochord  does  not  lie  at  the  free  edge, 
but  somewhat  inside  of  this,  and  a  small  cluster  of  mesoderm-cells  is 
left  on  the  open  side  of  the  embryo.  From  this  as  a  blastema  the 
missing  part  may  be  regenerated.  Another  possibility  is  that  since 
the  head  is  nearly  bilateral  there  will  be  mesoderm  in  the  anterior 
region  on  the  undeveloped  side  of  the  embryo  and  this  mesoderm 
might  proliferate  backwards,  but  there  is  no  evidence  that  such  a 
backgrowth  takes  place  —  or  at  least  not  to  any  great  extent;  and 
it  is  clear  that  the  mesoderm  of  the  middle  and  posterior  end  has 
had  a  different  origin. 
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Anterior  Embryos. 

Examples  Figs.  20,  22,  28,  32,  38. 

In  some  cases  only  the  anterior  end  of  the  embryo  appears. 
This  is  due  very  often  to  a  condition  of  spina  bifida  behind  the 
anterior  end,  in  which  case  the  right  and  left  halves  of  the  posterior 
and  middle  parts  of  the  embryo  lie  along  the  sides  of  the  blastoporic 
rim.  There  is  no  difficulty  in  interpreting  these  cases,  but  there  are 
others  that  are  not  so  simple.  For  instance,  in  Fig.  32,  the  anterior 
end  of  the  medullary  plate  is  present,  but  at  its  posterior  end  it 
does  not  divide  into  half-plates  extending  around  the  blastoporic 
rim  (although  one  side  of  the  latter  is  thicker  than  the  other).  If 
the  border  represents  an  undeveloped  blastoporic  rim,  as  seems 
probably  the  case,  it  has  failed  to  produce  the  characteristic  structures. 
This  we  may  ascribe  to  the  material,  where  the  lateral  lip  would 
,^  have  formed,  being  so  injured  that  the  archenteric  invagination  does 
not  take  place.  The  interpretation  of  this  sort  of  embryo  is  then 
as  follows.  The  dorsal  lip  appears,  but  extends  laterally  for  only 
a  very  short  distance,  and  since  the  lateral  lips  do  not  develop  the 
embryo  ends  abruptly  at  the  dorsal  lip.  In  front  of  the  dorsal  lip 
the  anterior  end  of  the  embryo  forms  on  the  undivided  material. 
It  may  be  that  to  some  extent,  the  dorsal  lip  has  grown  over  the 
surface  of  the  yolk;  and  in  proportion  to  its  growth  the  part 
formed  is  longer,  as  in  Fig.  32.  In  addition  to  this  overgrowth, 
which  is  the  same  thing,  in  a  way,  as  the  normal  overgrowth,  there 
takes  place  in  some  cases  a  new  kind  of  growth  backwards,  which 
is  due  to  regeneration  from  the  posterior  end.  A  tail-like  structure 
is  the  result,  as  shown  in  Figs.  43  and  65.  This  phenonenon  is 
without  parallel  in  the  normal  development  and  the  process  can  not, 
I  believe,  be  ascribed  to  a  modification  of  any  of  the  normal  changes. 
We  can  not,  for  instance,  infer  that  the  result  means  that  in  the 
normal  development  some  of  the  median  material  grows  backwards 
along  the  mid-dorsal  line;  on  the  contrary,  the  normal  development 
seems  to  show  that  this  material  is  l)rought  up  from  the  sides. 

Sections  of  these  tail-like  backgrowths  show  that  along  each  side 
the  ectoderm  does  not  bend  under  to  become  continuous  with  the 
mesoderm  as  do  the  layers  at  the  tail-knob  of  the  selachian  embrjo. 
Sucli  comparisons,  like  others  of  its  kind,  are,  I  think,  entirely 
worthless. 

In  connection  with  these  anterior  embryos  it  should  be  pointed 
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ont  that  posterior  embryos  have  never  appeared  in  the  material 
which  1  have  examined.  Roux  doubtfully  described  embryos  of  this 
sort  in  some  cases  in  v^hich  two  of  the  first  four  blastomeres  were 
killed.  I  have  always  been  sceptical  in  regard  to  the  possibility 
of  such  development  if  the  anterior  blastomeres  have  been  killed.  If 
Roux's  hypothesis  of  mosaic  development  is  true,  then  such  a  pos- 
sibility may  exist,  but  my  own  experience  has  lead  me  to  the  opinion 
that  a  posterior  end  does  not  develop  unless  there  is  an  anterior  end 
(or  dorsal  lip)  at  some  region  of  the  egg.  I  suspect  the  cases  that 
Roux  found  were  due  to  a  retarded  development  of  the  anterior 
blastomeres. 

In  conclusion,  our  examination  of  the  anterior  embryos  shows 
that  they  are  produced  by  the  lack  of  development  of  the  lateral 
lips  of  the  blastopore,  just  as  we  concluded  in  the  last  section  that 
the  lateral  whole  embryos  are  the  result  of  the  lack  of  development 
of  one  lateral  lip  of  the  blastopore. 

Dorsal  Embryos. 
Examples  Figs.  3,  (27),  (6). 

It  is  doubtful  if  any  of  these  embryos  are,  in  a  strict  sense, 
dorsal  embryos.  The  general  appearence  of  Fig.  3  and  the  cross- 
sections,  Figs.  I,  n,  ni,  may  seem  to  show  that  only  the  dorsal  side 
of  the  embryo  has  developed.  At  the  posterior  end  it  is  less  developed 
on  one  side,  as  shown  in  Fig.  Ill,  which  may  mean  that  a  blastoporic 
rim  extended  at  first  along  this  side  and  later  closed  over;  but 
without  more  evidence  I  should  not  be  willing  to  oflFer  an  interpre- 
tation of  this  case. 

The  other  embryo.  Fig.  27,  is  not  so  difficult  to  interpret.  A 
plausible  view  can  at  least  be  offered  as  to  its  origin.  It  was  at 
first  a  half-embryo,  or  more  nearly  a  lateral  whole  embryo.  The 
blastoporic  rim  extended  along  a  part,  at  least  of  one  side  (the 
right).  Its  archenteric  space  was  probably  obliterated  later  by  lateral 
growth  of  ectoderm  over  the  side;  as  well  as  by  the  formation  of 
ectoderm  in  the  same  region. 

Another  case  is  shown  in  Fig.  6.  The  sections  through  the 
middle  and  posterior  of  this  embryo  indicate.  Fig.  VII,  that  it  also 
was  at  first  a  lateral  whole  embryo  which  has  begun  to  dose  over 
its  blastoporic  side. 

▲rchiT  1  SBtwidwliiBgnMehMiik.    XV.  20 
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Ventral  Embryos. 
Examples  Figs.  7,  7  A. 

It  is  somewhat  of  an  exaggeration  to  speak  of  this  embryo  as 
a  ventral  embryo,  for  although  the  whole  of  the  ventral  surface  is 
present;  yet  not  more  so  than  in  extreme  cases  of  spina  bifida.  In 
fact  this  embryo  appears  to  be  a  spina  bifida  embryo  with  something 
more  than  a  half- embryo  along  one  side  of  the  blastoporic  rim,  as 
shown  in  Fig.  X  Plate  XI.  The  other  rim  shows  some  indication 
of  embryonic  structures  along  it,  but  only  to  a  limited  extent.  The 
surface  view  shows  the  entire  ventral  surface  covered  by  ectoderm 
which  forms  near  the  anterior  end  a  pair  of  suckers.  The  cross- 
section  shows  a  continuous  formation  of  mesoderm  from  the  superficial 
yolk  beneath  the  ectoderm. 

Pieces  of  Embryos  and  Embryos  of  Reduced  Size. 

Examples  Figs.  6,  12,  13,  14,  15,  30,  36,  36,  43,  46,  46,  62,  64,  65. 

A  number  of  the  embryos  are  undoubtedly  more  or  less  re- 
duced in  size  as  compared  with  the  normal.  The  fact  that  a  lai^e 
part  of  the  yolk  is  injured  and  remains  undeveloped  does  not  in 
itself  lead  necessarily  to  the  formation  of  a  smaller  embryo,  since 
the  yolk -mass  in  the  normal  embryo  takes  only  a  small  part  in 
the  formation  of  the  embryo^).  On  the  other  hand  the  uninjured 
protoplasm  that  produces  the  embryo  is  often  less  than  the  material 
out  of  which  the  normal  embryo  develops,  and  in  consequence  the 
size  of  the  embryo  is  reduced.  Examples  of  this  are  shown  in 
Figs.  6,  14,  30.  When  the  amount  of  material  is  further  reduced 
only  a  part  of  an  embryo  may  develop.  The  small  half-embryo, 
shown  in  Fig.  5,  is  somewhat  less  than  half  of  the  whole,  although 
nearly  full  length. 

The  embryo  shown  in  Fig.  12  is  the  dorsal  part  of  an  embryo 
reduced  in  size.  In  Fig.  13  the  embryo  is  little  more  than  part  of 
the  anterior  end.  Somewhat  larger  are  the  embryos  shown  in 
Figs.  35  and  36,  which  represent  reduced  half-embryos.  Finally 
the  embryos  in  Figs.  45  and  46  are  little  more  than  pieces  of  the 
anterior  ends  of  embryos.  A  point  of  importance  in  regard  to  all 
of  these  pieces  of  embryos  is  that  in  every  case  they  have  developed 
in  connection  with  an  archenteric  invagination  at  the  border  of  the 


^)  Meaning  the  dorsal  part  of  the  embryo  in  a  strict  sense. 
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dark  area.     It  is,  perhaps,  not  going  too  far  to  claim  that  without 
an  archenteric  ingrowth  no  part  of  the  embryo  of  the  frog  can  develop. 
This  invagination  is  the  starting  point  alike  for  the  formation 
of  an  embryo,  or  for  a  part  of  one. 

Blastoporic  Rim. 

Incidentally  in  the  course  of  the  description  of  the  different  em- 
bryos this  topic  has  been  discussed,  so  that  a  brief  treatment  must 
suffice  here.  It  has  been  pointed  out  that  the  border  between  the 
ectoderm  and  the  yolk  does  not  always  represent  a  blastoporic  rim, 
as  it  does  in  the  normal  embryo  when  the  sharp  line  between  the 
ectoderm  and  yolk  is  established.  A  number  of  different  conditions 
account  for  the  free  edge  in  the  abnormal  embryo. 

In  the  first  place,  the  ectoderm  may  develop  only  on  one  side 
of  the  egg  and  not  over  the  other,  or  only  over  the  roof  of  the 
segmentation  cavity,  as  in  the  case  of  Figs.  XVII,  XVIII,  XXX, 
and  XXXI.  Since  in  these  cases  there  is  no  formation  of  cells 
on  the  side  of  the  segmentation  cavity  opposite  the  embryo,  there 
is  no  opportunity  for  the  formation  of  an  archenteron,  even  if  the 
free  edge  of  the  ectoderm  were  prepared  to  take  part  in  such  a 
structure.  At  the  posterior  end  of  the  embryo,  or  along  its  side, 
if  it  be  a  half-embryo,  the  archenteric  invagination  will  take  place. 
Its  extension  will  be  limited  by  the  extent  of  the  cellulated,  or- 
ganizable  material  of  that  side  of  the  embryo.  Beyond  that  point 
the  free  edge  has  no  structural  value.  In  other  cases  the  free  edge 
appears  to  represent  a  blastoporic  rim,  that  has  only  incompletely 
developed,  owing  very  probably  to  the  abnormal  condition  of  the 
material.  It  may  in  later  stages  succeed  in  completing  itself  so  far 
as  to  take  part  in  the  final  closing  of  the  blastopore.  A  sort  of 
incomplete  (since  there  is  scarcely  any  archenteric  formation]  re- 
organization takes  place. 

In  a  third  category  of  cases  the  ectoderm  along  the  dorsal  part 
of  a  half-embryo,  may,  after  the  nervous  system  has  formed,  begin 
to  extend  over  the  yolk,  as  in  one  of  the  methods  of  re-organization 
described  by  Koux.  In  this  case  there  is  not,  of  course,  any  com- 
parison at  all  to  be  made  with  a  blastoporic  rim. 

In  another  category  still,  a  different  kind  of  edge  is  left,  viz., 
in  those  cases  in  which  the  posterior  end  of  the  embryo  grows 
backwards  (regenerates)  over  the  yolk,  as  shown  in  Figs.  32  and  43. 
In  this  case  while  the  posterior  end  is,  in  the  first  instance,  a  blasto- 
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poric  rim  it  is  donbtfal  if  the  same  interpretation  can  be  applied 
to  the  sides  of  the  backgrowth.  There  is  certainly  nothing  in  the 
structure  to  suggest  such  a  comparison. 

The  value  of  the  recognition  of  the  diflferent  ways  in  which  the 
ectoderm  may  end  is  negative,  but  may  still  be  of  service  in 
guarding  us  against  unwarrantable  comparisons  between  the  normal 
and  the  abnormal  forms,  and  against  the  greater  danger  of  com- 
paring embryos  of  this  sort  with  the  embryos  of  other  groups  of 
vertebrates. 

Anal  Invagination. 

In  nearly  all  of  the  abnormal  embryos  a  deeply  pigmented  pit 
is  present  at  some  point  near  the  black  border.  I  have  called  this 
the  anal  invagination  without  raising  the  question  as  to  whether  it 
represents  the  inturning  that  forms  the  middle  of  the  posterior  (or  ven- 
tral) blastopore,  or  the  invagination  that  becomes  the  permanent  anus 
of  the  frog.  In  the  normal  development  of  the  frog's  embryo  the 
posterior  lip  of  the  blastopore  (which  has  grown  forward  by  this 
time)  is  over-arched  by  the  medullary  folds  and  becomes  the  neur- 
enteric  canal.  The  anus  is  formed  by  a  later  ectodermal  invagination 
just  behind  the  neurenteric  canal  and  outside  of  the  medullary  canal, 
as  shown  by  Goette  ('75),  Schultze  ('84),  Schanz  ('87)  and  Mor- 
gan ('89).  Which  of  these  two  openings  is  the  anal  invagination?  Does 
the  posterior  edge  of  the  blastopore,  or  does  the  anus  correspond 
to  the  invagination  in  these  abnormal  embryos?  If  the  former  does 
the  permanent  anus  appears  later?  There  can  be  no  doubt  that  the 
pit  corresponds  to  part  of  the  blastoporic  rim,  because,  in  the  first 
place,  it  is  distinctly  formed  in  the  yolk-cells,  and  not  in  the 
ectoderm.  Secondly,  the  cells  that  pull  in  become  pigmented  on  the 
outer  end  as  do  those  forming  the  edge  of  the  blastopore;  and 
thirdly,  when  a  continuous  blastoporic  rim  is  present  it  is  continuous 
with  this  invagination.  In  older  embryos  I  have  not  found  a  se- 
condary invagination  forming  the  anus,  but  the  large  opening,  at 
first  filled  with  yolk,  remains  as  the  permanent  anus,  textfigs.  -4,  B. 
It  should  be  added,  however,  that  I  have  not  made  a  very  thorough 
examination  by  means  of  sections  of  this  point.  If  my  conclusion 
is  correct,  the  permanent  anus  is  in  many  of  these  abnormal  embryos 
somewhat  different  from  that  in  the  normal  embryo.  The  point  of 
special  interest  in  these  abnormal  cases  is  the  persistency  with  which 
this  anal  pit  appears,    even   when  there  is  scarcely  a  trace  of  the 
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lateral  lips  of  the  blastopore.  Moreover  its  relation  to  the  posterior 
end  of  the  embryo  is  very  curious,  yet  can  generally  be  accounted 
for.  In  an  embryo,  for  instance,  like  that  shown  in  Fig.  25,  the 
anal  pit  lies  on  that  part  of  the  blastoporic  rim  that  is  nearly  opposite 
the  posterior  end  of  the  embryo.  Should  the  yolk  be  dravni  in  later, 
and  the  black  edge  come  together,  the  anal  pit  will  be  brought  near 
the  posterior  end  of  the  embryo.  It  lies,  therefore,  morphologically, 
in  its  proper  position,  provided  we  consider  the  black  edge  as  the 
blastoporic  rim.  Most  of  the  cases  already  described  can  be  accounted 
for  in  this  way.  The  only  difficulty  arises  in  those  cases  in  which 
the  black  edge  represents  only  in  part  a  blastoporic  rim.  The 
apparent  erratic  location  of  the  blastopore  can  be  explained  by  its 
development  at  the  farthest  point  (from  the  posterior  end  of  the 
embryo)  at  which  the  edge  is  organized  as  a  part  of  the  embryo. 
In  a  case  like  that  shown  in  Fig.  64^,  where  the  anal  pit  lies  at 
the  farthest  point  of  the  black  edge  (to  the  left  in  the  figure)  we 
must  look  upon  the  rest  of  the  edge,  seen  in  the  figure,  as  the 
blastoporic  rim.  Whether  the  other  black  edge  is  also  an  organized 
blastoporic  rim  makes  little  difference,  since  one  organized  lateral 
lip  will  suffice  to  locate  the  anal  pit,  as  shown  in  the  case  of  half- 
embryos.  Whether  in  such  cases  the  pit  is  a  half-structure  (in  the 
sense  that  the  rounded  notochord  is  a  half  structure)  can  not  be 
easily  determined. 

The  position  of  the  anal  invagination  in  the  embryo  represented 
in  Fig.  43,  on  the  side  of  the  egg  opposite  to  that  shown  in  the  figure 
(at  the  level  of  the  lower  black  tip)  is  an  extreme  case,  and  since 
the  tail-like  posterior  end  is  a  regenerated  product  its  tip  has  no 
morphological  relation  to  the  anal  pit. 

The  region  of  the  anal  pit  is  always  connected  with  the  rest 
of  the  embryo  by  organized  material  and  is  never  found  isolated 
from  the  rest^).  The  most  striking  fact  is  that  this  pit  is  iuvaginated 
even  where  there  is  no  invagination  along  the  lateral  lips  that  lead 
to  this  region.  A  certain  degree  of  autonomy  in  the  formation  of 
the  anal  pit  must  be  admitted. 


1)  Figs.  44  and  44  A  may  appear  to  be  an  exception,  but  even  here  some 
sort  of  organized  continuity  between  the  two  sides  is  probably  present. 
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Abnormal  Embryos  of  the  Frog  in  Relation  to  the  Specific 

Action  of  Modifying  Influences. 

In  what  sense,  it  may  be  asked,  has  the  centrifngal  force  a 
specific  action?  Does  it  have  a  directive  influence  on  the  developing 
egg,  or  only  a  destructive  influence  on  certain  parts  ?  The  question 
may  be  put  in  another  way,  viz.,  is  the  effect  the  same  as  that 
obtained  by  mechanically  injuring,  by  sticking  for  instance,  localized 
areas.  The  answer  is,  I  believe,  that  the  centrifugal  influence  is 
essentially  the  same,  but  much  more  delicate  since  the  egg  as  a 
whole  is  left  intact. 

If  the  action  were  a  specific  one,  in  a  strict  sense,  we  should 
expect  to  find  a  more  definite  type  of  abnormal  development,  while 
we  find  on  the  contrary  an  immense  variety  of  forms.  Nearly  all 
of  these  abnormalities  can,  however,  be  reduced  to  a  few  simple 
modifications  of  the  normal  type  of  development,  as  the  preceding 
pages  have  attempted  to  show.  The  differences  can  be  referred  to 
the  extent  of  injury  to  the  equatorial  zone  of  the  egg. 

This  point  of  view  is  supported  by  a  comparison  of  the  abnor- 
malities described  in  the  present  paper  with  those  that  have  been 
given  by  a  number  of  workers,  who  have  brought  different  influences 
to  bear  on  the  egg.  The  similarities  between  many  of  the  embryos, 
especially  the  spina  bifida  forms,  is  very  striking.  It  has  been 
pointed  out,  in  reviewing  the  literature,  that  the  same  kind  of  ab- 
normalities have  been  produced  by  such  diverce  influences  as  several 
different  salts,  and  poisons,  by  lack  of  oxygen,  by  too  high  and  also 
by  too  low  a  temperature,  by  sticking  the  egg  in  different  parts,  etc. 
How  can  we  explain  this?  Most  simply  I  believe  by  supposing  in 
all  cases  the  same  part  of  the  egg  has  been  injured  so  that  it  takes 
no  active  part  in  the  development.  The  agents  have  been  chosen  of 
a  kind  and  strength  to  injure  the  yolk  part  of  the  egg,  and  not,  or 
to  a  less  degree,  the  equatorial  zone  which  contains  the  material  out 
of  which  the  embryo  may  form. 

Under  these  conditions  it  is  not  surprising  that  the  same  or 
similar  results  are  obtained.  This  brings  us  to  a  consideration  of 
the  equatorial  part  of  the  egg. 

The  equatorial  zone  is  to  be  thought  of  as  a  superficial  band 
around  the  egg,  extending  some  distance  on  each  side  of  the  equator, 
and  in  eggs  with  an  oblique  axis  standing  also  obliquely.  Along  its 
lower  side  the   blastoporic  rim   appears,  although,  as  some  of  the 
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spina  bifida  embryos  show,  this  rim  may  appear  at  any  level  of  the 
equatorial  zone. 

The  results  reviewed  in  the  first  part  of  this  paper  have  shown 
that  one  side  of  this  zone  is  different  from  the  rest,  and  this  is  the 
region  in  which  the  anterior  end  of  the  embryo  appears;  the  dor- 
sal lip  of  the  blastopore  appearing  at  its  posterior  border.  Whether 
the  material  of  the  ring  is  totipotent  need  not  be  discussed,  it  will 
suffice  if  we  can  show  that  it  is  probably  not  isotropic  but  hetero- 
tropic. 

The  results  described  here  as  to  the  effects  of  the  centrifugal 
force  show,  in  practically  all  cases,  that  one  region  of  the  egg  is 
less  injured  than  the  rest  and  in  this  region  the  dorsal  lip  of  the 
blastopores  appears.  Two  possibilities  exist.  First  does  the  blasto- 
pore appear  in  the  middle  of  the  least  injured  part  of  the  ring,  or 
second,  does  it  appear  in  the  region  at  which  normally  the  anterior 
end  of  the  embryo  develops  and,  hence,  on  the  same  part  of  the 
egg  as  does  the  normal  embryo.  The  latter  alternative  seems  to 
me  much  more  probable,  although  the  possibility  of  the  other  view 
must  be  freely  granted.  My  reasons  for  adopting  the  one  view 
as  more  probable  are  briefly  these.  The  early  stages  of  much  in- 
jured eggs  (Fig.  XXVni)  show  that  cells  develop  only  on  one  side 
of  the  ring  (the  region  below  the  edge  of  the  segmentation  cavity). 
It  seems  to  me  improbable  that  this  relation  would  be  so  constant 
did  it  not  rest  on  some  internal  differences  in  the  parts  of  the 
egg.  Moreover  the  dorsal  lip  of  the  blastopore  does  not  always 
appear  symmetrically  in  the  middle  of  a  developing  region,  but  at 
times  quite  to  one  side  of  it,  as  when  half-embryos,  or  lateral  whole 
embryos  are  formed.  This  would  seem  to  indicate  that  the  dorsal 
lip  appears  on  a  definite  part  of  the  egg. 

It  is  more  doubtful  whether  the  following  fact  has  an  important 
bearing  on  this  point.  If  it  be  granted  that  the  egg  is  so  organized 
that  the  dorsal  lip  appears  in  a  definite  region  determined  by  the 
presence  of  some  material,  or  by  the  presence  of  some  structural 
organization,  then  when  the  egg  becomes  divided  into  cells  the  op- 
portunity for  re-arrangement  would  be  less  marked  than  before 
division  of  the  egg.  Yet  some  of  the  best  material  has  come  from 
eggs  that  were  in  the  128-cell  stage  when  put  on  the  machine. 

Finally  it  must  be  admitted,  that  in  the  most  extreme  cases  where 
the  action  of  the  centrifugal  force  has  gone  so  far  that  only  a  piece 
of  an  embryo,  or  an  extremely  small  embryo  appears  on  the  e^<^^ 
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it  is  very  difficult  to  show  that  the  re-organization  of  the  less  injured 
part  has  taken  place  along  the  old  lines.  But  if  we  can  show  that 
such  a  directive  influence  is  present  in  nearly  all  other  cases  we  need 
not  be  disturbed  by  the  difficulty  of  explaining  the  most  extreme 
forms  of  abnormalities,  since  the  probability  is  that  they  are  not  ex- 
ceptions to  the  rule.  If  we  can  show  that  a  simple  hypothesis  will 
explain  the  great  majority  of  cases  and  that  those  to  which  we  have 
difficulty  in  applying  the  same  explanation  are  too  complicated  to 
follow  we  can  safely  leave  them  to  future  investigation. 

We  stated  at  the  outset  that  our  main  object  was  to  determine 
whether  the  abnormal  development  takes  place  along  the  lines  of 
the  original  organization,  and  according  to  the  same  general  type 
of  development,  although  not  necessarily  in  either  case  out  of  the 
same  material,  part  for  part. 

We  have  tried  to  show  that  the  egg  is  not  isotropic,  but  heter- 
otropic  in  structure;  that  after  injury,  or  disturbance  the  re-organi- 
zation is  along  the  old  lines  of  structure,  and  that  while  the  material 
may  be  in  large  part  totipotent,  nevertheless  the  reconstruction  is 
along  already  existing  lines. 


Summary. 

1)  Eggs  of  Eana  palustris  in  the  2,  4,  128-cell  stage  were  re- 
volved on  a  wheel  turning  at  the  rate  of  160—180  revolutions  per 
minute.  The  eggs  were  taken  from  the  wheel  after  8  to  10  hours 
and  continued  to  develop,  producing  a  great  variety  of  forms. 

2)  The  immediate  effect  of  the  rotation  is  to  drive  more  yolk  into 
the  white  hemisphere.  The  failure  of  the  nuclei  to  penetrate  into 
the  white  hemisphere  accounts  also  in  part  for  the  formation  of  the 
abnormal  development.  The  most  important  effect,  however,  of  a 
strong  centrifugal  force  is  the  direct  injury  to  the  protoplasm  of  the 
lower  hemisphere  of  the  egg. 

3)  Some  of  the  eggs  produce  half-embryos.  Figs.  5,  8,  37,  which 
resemble  those  obtained  by  killing  one  of  the  two  first  blastomere^ 
in  Roux's  experiment.  The  explanation  of  this  result  is  to  be  found 
in  the  greater  injury  to  one  half  of  the  egg  than  to  the  other  and  tt) 
the  failure  of  the  missing  half  to  develop  on  the  more  injured  side. 

4)  Whole  embryos  of  half  size  sometimes  develop.  Figs.  1,  4,  10, 
17,  19,  33.  They  are  formed  along  one  side  of  the  blastoporic  rim, 
where  an  invagination  takes  place.     The  presence  of  a  half  stmcture 
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(the  blastoporic  invagination)  is  made  use  of  in  the  formation  of  a 
whole  embryo.  The  greater  injury  (than  in  the  last  case)  of  the 
other  undeveloped  side  determines  probably  that  a  whole  rather  than 
a  half  development  takes  place. 

5)  The  anterior  part  of  an  embryo  is  sometimes  formed,  Figs.  20, 
22,  28,  32,  38.  This  is  due  to  the  formation  of  only  the  dorsal  lip 
of  the  blastopore,  the  lateral  lips  failing  to  develop  because  of  the 
injury  to  the  rest  of  the  egg.  In  front  of  the  dorsal  lip  the  anterior 
end  of  the  embryo  develops.  Secondarily  a  kind  of  regeneration 
may  take  place  from  the  posterior  end  of  the  anterior  embryo, 
Figs.  47,  65. 

6)  A  sort  of  dorsal  embryo  appears  in  a  few  cases.  Figs.  3,  27. 
It  is  formed  along  a  blastoporic  rim  and  may  be  said  to  be  some- 
thing more  than  a  half-dorsal  embryo. 

7)  Ventral  embryos,  like  the  one  shown  in  Figs.  7,  7^  are  really 
only  extreme  cases  of  spina  bifida  with  widely  open  dorsal  surface. 

8)  Pieces  of  embryos  sometimes  appear.  Figs.  6,  17,  when  only 
a  small  part  of  the  egg  remains  alive.  These  pieces  correspond  to 
small  dorsal  and  anterior  pieces  of  embryos. 

9)  The  blastoporic  rim  is  not  always  coextensive  with  the  black 
white  border.  The  latter  may  represent  a  number  of  diflFerent  con- 
ditions as  explained  on  page  301. 

10)  A  marked  independence  of  the  invagination  in  the  middle 
part  of  the  ventral  lip  (the  anal  pit)  is  observed  in  many  of  the 
embryos,  but  it  appears  only  when  some  part  of  the  more  anterior 
regions  of  the  embryo  are  present. 

11)  The  centrifugal  force  may  be  said  to  have  a  specific  action 
only  in  the  sense  that  it  renders  certain  parts  of  the  egg  incapable 
of  development.  The  great  variety  of  forms  that  arise  are  the  result 
of  the  extent  of  injury  to  diflFerent  parts  of  the  egg. 

12)  If  eggs  of  Rana  palustris,  that  have  segmented  a  number  of 
times,  are  kept  at  about  the  temperature  of  0°  C.  the  further  cleavage 
is  retarded.  In  extreme  cases  a  ring-like  archenteric  invagination 
may  take  place  above  the  equator  of  the  egg.  The  invagination 
may  be  formed  in  eggs  in  which  the  cells  are  still  much  larger  than 
in  the  normal  egg  at  the  time  of  gastrulation. 

13)  Extreme  cases  of  spina  bifida  that  produce  ring-embryos. 
Figs.  53 — 54,  55 — 56,  show  that  the  archenteric  invagination  may 
take  place  above  the  equator  of  the  egg.  This  result  demonstrates 
that  while  the  abnormal  embryo  may  follow  the  same  type  of  dft.'^^^^r 
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ment  as  the  normal  it  need  not  necessarily  develop  out  of  the  same 
material  of  the  egg. 

14)  The  general  conclusion  to  be  deduced  from  the  preceding 
results  is  that  while  the  material  of  the  egg  may  be  totipotent,  yet 
the  protoplasm  is  heterotropic;  and  in  cases  of  abnormal  development 
the  development  proceeds  along  the  lines  of  structure  which  are 
followed  by  the  normal  embryo. 


Zusammenfassung. 

1)  Eier  von  Rana  palastris  im  2-,  4-,  128Zellen-Stadiam  warden  anf  einem 
Rade  mit  umgedreht,  welches  160—180  Umdrehungen  pro  Minute  maclite.  Die 
Eier  warden  nach  8—10  Stunden  von  dem  Rade  genommen  and  setzten  ihre 
Entwickelung  weiter  fort,  wobei  eine  groCe  Verschiedenheit  der  Formen  ent- 
stand. 

2)  Der  nnmittelbare  Effekt  der  Rotation  ist  der,  dass  mehr  Dotter  in  die 
weiCe  Hemisphare  getrieben  wird.  Die  Unfahigkeit  der  Kerne,  in  die  weiGe 
Hemisphiire  einzndringen,  ist  zain  Theil  an  dem  Eintritt  abnormaler  Entwicke- 
lung schald.  Der  wichtigste  Effekt  einer  starken  Centrifagalkraft  ist  jedoch 
die  direkte  SchSdigung  des  Protoplasmas  der  unteren  EihRlfte. 

3)  Manche  Eier  ergeben  Hemiembryonen,  Fig.  5,  8,  37,  welche  denen  ahneln, 
die  man  beim  Roux'schen  Versuch  durch  T(5dtang  einer  der  beiden  ersten 
Blastomeren  erhalt.  Die  Erklarang  dieses  Ergebnisses  ist  in  gr^Berer  Schadi- 
gnng  einer  Eihalfte  gegeniiber  der  anderen  za  suchen,  and  in  der  Unfahigkeit 
der  Ubrig  bleibenden,  die  Entwickelung  auf  die  stSrker  geschlidlgte  Seite  hintlber 
fortzusetzen. 

4)  Gauze  Embryonen  von  halber  Gr(5Be  entwickeln  sich  auch  manchmal. 
Fig.  1,  4, 10, 17, 19,  33.  Sie  entwickeln  sich  entlang  einer  Seite  der  Blastoporos- 
spalte,  wo  eine  EinstUlpung  stattfindet.  Die  schon  vorhandene  Halbbildung  (die 
Blastoporuseinstiilpung)  wird  bei  der  Bildung  eines  ganzen  Embryos  benutzt 
Wahrscheinlich  bestimmt  die  grOOere  Schadigung  (gegentiber  obigem  Fall)  der 
anderen  unentwickelten  Seite,  dass  es  eher  zur  Entwickelung  eines  ganzen,  als 
eines  halben  Embryos  kommt. 

6)  Bisweilen  entwickelt  sich  nor  der  Vordertheil  eines  Embryo,  Fig.  20,  22, 
28,  32,  38.  Das  hangt  von  der  alleinigen  Entwickelung  der  dorsalen  Blastoporus- 
lippe  ab,  wahrend  die  seitlichen  Lippen  der  Schadigung  des  Ubrigen  Eitheils 
wegen  sich  nicht  entwickeln.  Nach  vorn  von  der  dorsalen  Lippe  entwickelt 
sich  das  Vorderende  des  Embryos.  Sekundar  kann  eine  Art  Regeneration  statt- 
finden,  welche  von  dem  hinteren  Ende  des  Vorderhemiembryos  ausgeht  (Fig.  47, 65). 

6)  In  manchen  Fallen  erscheint  eine  Art  dorsaler  Embryo,  Fig.  3,  27.  Er 
bildet  sich  langs  einer  Blastoporusspalte  und  kann  als  etwas  mehr  als  ein  dor- 
saler Hemiembryo  aufgefasst  werden. 

1}  Ventrale  Embryos,  wie  die  in  Fig.  7,  1 A^  sind  in  Wirklichkeit  ledig- 
lich  extreme  Falle  von  Spina  bifida  mit  weit  offener  RUckenflache. 

8)  Sttlcke  von  Embryonen  erscheinen  manchmal,  Fig.  6,  17,  wenn  nur  ein 
kleiner  Theil  des  Eies  am  Leben  bleibt.  Diese  StUcke  entsprechen  kleinen  dor- 
salen und  vorderen  StUcken  von  Embryonen. 
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9)  Die  Blastoporasspalte  richtet  sich  in  ihrer  Ausdehnong  nicht  immer  nach 
der  Grenze  zwischen  schwarz  and  wei6.  Die  letztere  hangt  von  einer  Anzahl 
verschiedener  Bedingnngen  ab,  welche  auf  pag.  301  erOrtert  werden. 

10)  Bei  manchen  Embryonen  zeigt  die  Einstiilpnng  im  mittleren  Theil  der 
ventralen  Lippe  (das  Analgrttbchen)  eine  deutlich  ausgesprochene  Unabhangig- 
keit;  es  erscheint  jedoch  nur,  wenn  ein  gewisser  Theil  der  mehr  nach  vorn 
gelegenen  Abschnitte  des  Embryos  vorhanden  ist. 

11)  Man  kann  der  Centrifagalkraft  nnr  in  dem  Sinne  eine  specifische  Wir- 
knngsweise  zuschreiben,  dass  sie  gewisse  Theile  des  Eies  zor  Entwickelnng  nn- 
fahig  macht.  Die  groGe  Verschiedenheit  der  entstehenden  Formen  entspricht 
den  yerschiedenen  Theilen  des  Eies,  auf  die  sich  die  St($rang  erstreckt. 

12)  Wenn  Eier  von  Rana  palostris,  welche  sich  eine  Anzahl  yon  Malen 
geforcht  haben,  bei  einer  Temperatur  yon  nngefahr  0"  C.  gehalten  werden,  so 
wird  die  weitere  Fnrchnng  yerzOgert  In  extremen  Fallen  kann  es  zn  einer 
ringf^rraigen  EinstUlpang  des  Archenterons  oberhalb  des  Eiaqnators  komraen. 
Die  Einstiilpung  kann  sich  dabei  an  Eiern  ausbilden,  deren  Zellen  noch  sehr 
yiel  grOGer  sind,  als  die  yon  normalen  Eiern  zor  Zeit  der  Gastralation. 

13)  Extreme  Falle  yon  Spina  bifida,  welche  zur  Bildung  yon  Ringembryonen 
fUhren,  Fig.  53 — 64,  66 — 66,  zeigen,  dass  die  ArchenteroneinstUlpnng  oberhalb 
des  Eiaqnators  stattfinden  kann.  Dieses  Ergebnis  zeigt,  dass  der  abnorme 
Embryo,  wahrend  er  demselben  Entwickelnngstypus  folgt  wie  der  normale,  nicht 
nothwendig  sich  aus  demselben  Eimaterial  anfznbaaen  braucht  wie  dieser. 

14)  Das  Hanptergebnis  der  yorstehenden  Einzelresoltate  ist  das,  dass,  wah- 
rend das  Eimaterial  totipotent  sein  kann,  doch  das  Protoplasma  heterotropisch 
ist,  und  dass  in  Fallen  abnormer  Entwickelnng  die  Entwickelnng  gemaB  den 
StrokturgrundzUgen  fortschreitet,  nach  denen  sich  auch  der  normale  Embryo 
richtet. 


Literature. 

AssHETON,  R.,  On  the  Growth  in  length  of  the  Frog  Embryo.    Quart  Joum. 

Micros.  Science.    XXXVH.    1896. 
Barfurth,  D.,  Halbbildung  oder  Ganzbildung  yon  halber  GrOBe.    Anat.  Anz. 

1893. 
tlber  organbildende  Keimbezirke  und  kiinstliche  Missbildungen  des  Am- 

phibieneies.   Anat  Hefte.   HI.   1894. 
Bataillon,  E.,  Etudes  exp^rimentales  sur  TEyolution  des  Amphibiens.    Archiy 

f.  Entwickelungsmech.    XII.    1901. 
Sur  TEyolution  de  la  fonction  respiratoire  chez  les  oeufs  d' Amphibiens. 

Ibid.   XU.   1901. 
La  pression  osmotique  et  les  grands  probl^mes  de  la  Biologic.   Archiy  f. 

Entwickelungsmech.    XI.  1901. 
Recherches  anatomiques  et  experimentales  sur  la  Metamorphose  des  Am- 
phibiens anoures.   Annales  de  TUniyersitd  de  Lyon.  II.    1891. 
Nouyelles  Recherches  sur  les  M^canismes  de  TEyolution.    I^es  premiers 

stades  du  deyeloppement  chez  les  Amphibien  et  les  Poissons.    Arch,  de 

Zool.  experim.    V.    1897. 
y.  Bambeke,  Ch.,  Nouyelles  Recherches  sur  TEmbryologie  des  Batraceens.   Arch. 

de  Biol.  L  1880. 


310  T.  H.  Morgan 

V.  Bambeke,  Ch.,  Le  Sillon  Median  ou  Raph^  gastmlaire  du  Triton  alpestre.  Arch. 

de  Biol.    Xm.    1893. 
Born,  E.,  Biologische  Untersuchungen.    I.  tJber  den  Einflnss  der  Schwere  auf 

das  Froschei.    Arch.  f.  mikr.  Anat.    XXIV.    1886. 

Uber  Druckversuche  an  Froscheiern.   Anat.  Anz.    VIII.    1893. 

Neue  Kompressionsversuche  an  Froscheiern.    Schles.  Ges.  f.  vaterl.  Kultur. 

LXXn.   1894. 
Endres,  H.,  ttber  Anstich-  und  Schntirversuche  an  Eiem  von  Triton  taeniatus. 

Sitzber.  d.  schles.  Ges.  f.  vaterl.  Knltur.    1896. 

fiber  Anstichversnche  an  Froscheiern.    Jahresber.  d.  schles.  Ges.  f.  vaterl. 

Kultur.    1894. 

Anstichversnche  an  Eiem  von  Rana  fusca.    Erster  Theil.   Archiv  f.  Ent- 

wickelungsmechanik.    U.    1896. 
Zweiter  Theil.     Erganzung   durch  Anstichversnche  an  Eiem    von   Rana 

esculenta,  etc.  Ibid, 
v.  Erlanger,  R.,  iiher  den  Blastoporns  der  anuren  Amphibien.    Zool.  Jahresber. 

IV.   1890. 

Zur  Blastoporusfrage  bei  den  anuren  Amphibien.   Anat.  Anz.    VI.    1891. 

Eycleshymer,  a.  C,  The  Early  development  of  Amblystoma  with  Observations 

on  some  other  Vertebrates.    Joum.  of  Morph.    X.   1896. 

The  location  of  the  Bases  of  the  Amphibian  Embryo.    Joum.  of  Morph. 

XrV.  1898. 

Godlewski,  E.,  Uber  die  Einwirkung  des  Sauerstoffs  anf  die  Entwickelung  und 
fiber  den  Gaswechsel  in  den  ersten  Entwickelungsstadien  von  Rana 
temporaria.  Bull.  Intemat.  de  TAcademie  des  Sciences  de  Cracovie. 
July  1900. 

Die  Einwirkung  des  Sauerstoifes  auf  die  Entwickelung  von  Rana  temporaria. 

etc.    Archiv  f.  Entwickelungsmech.   XI.  1901. 

GuRWiTSCH,  Uber  die  formative  Wirkung  des  veranderten  chemischen  Mediums 
auf  die  embryonale  Entwickelung.   Archiv  f.  Entwickelungsmech.  III.   '96, 

Hertwig,  0.,  Die  Entwickelung  des  Keimblattes  der  Wirbelthiere.  Jen.  Zeit- 
schrift.    XV.  1882.    XVI.  18a3. 

Das  Problem  der  Befruchtung  und  der  Isotropic  des  Eies,  eine  Theorie 

der  Vererbung.    1884. 

Urmund  und  Spina  bifida.    Arch.  f.  mikr.  Anat.    XXXIX.   1892. 

(Iber  den  Werth  der  ersten  Furchungszellen  fur  die  Organbildung  des  Em- 
bryo.   Arch.  f.  mikr.  Anat.   XLII.   1893. 

Experimentelle  Erzeugung  thierischer  Missbildungen.    Festschr.  zum  70.  Ge- 

burtstage  v.  Carl  Gegenbaur.    II.    1896. 

Beitriige  zur   experimentellen   Morphologic   und  Entwickelungsgeschichte. 

Theil  I.  Die  Entwickelung  des  Froscheies  unter  dem  Einfluss  schwacherer 
und  stiirkerer  KochsalzlOsungen.    Arch.  f.  mikr.  Anat.    XLIV.    1896. 

Uber  den  Einfluss  iiuBercr  Bedingungen  auf  die  Entwickelung  des  Frosch- 
eies.   Sitzber.  d.  k.  Pr.  Akad.  d.  Wiss.   Phys.-math.  Abth.    1894. 

Uber  den  Einfluss  verschiedener  Temperaturen  auf  die  Entwickelung  der 

Froscheier.    Ibid.    1896.  r 

Uber  einige  am  befrachteten  Froschei  durch  Centrifugalkraft  hervorgerafene 

Mechanoraorphosen.    Sitz.  d.  k.  Pr.  Akad.  d.  Wiss.    1897. 

Uber  den  Einfluss  der  Temperatur  auf  die  Entwickelung  von  Rana  fuses 

und  Rana  esculenta.   Arch.  f.  mikr.  Anat   LI.   1898. 


The  Relation  Between  Normal  and  Abnormal  Development  etc.       311 

Hertwig,  0.,  Beitrage  zur  experimentellen  Morphologie  u.  Entwickelungsgeschichte. 
4.  Cber  einige  durch  Centrifugalkraft  in  der  Entwickelung  des  Froscheies 
hervorgemfene  Veranderungen.    Arch.  f.  mikr.  Anat.   LIII.    1898. 

HoussAY,  F.,  Formation  de  la  Gastrula  du  M^soblast  et  de  la  Chorda  dorsale 
chez  TAxolotl.    Gompt.  Rend.   CVII.    1888. 

E'tudes  d'Embryologie  sur  les  Vertebr6B.    Arch.  zool.  exp6r.     VIII.    1890. 

Jordan,  E.  0.,  and  Eycleshymer,  A.  C,  The  Cleavage  of  the  Amphibian  Ovum. 

Anat.  Anz.    VII.    1892. 

On  the  Cleavage  of  Amphibian  Ova.    Joum.  of  Morph.    IX.    1894. 

Kathariner,  L.,  Ober  die  bedingte  Unabhangigkeit  der  Entwickelung  des  polar 

differenzirten   Eies  von   der  Schwerkraft.    Archiv  f.  Entwickelungsmech. 

Xn.   1901. 
KopscH,  Fr.,  Cber  das  Verhaltnis  der  embryonalen  Achsen  zu  den  drei  ersten 

Furchungsebenen  beim  Frosch.    Internat.  Monatsschr.  f.  Anat.  u.  Physiol. 

XVII.   1900. 

(Jber  die  Zellenbewegungen  wahrend   des  Gastmlationsprocesses  an  den 

Eiern  von  Axolotl  und  vom  braunen  Grasfrosch.      Sitz.  d.  Ges.  naturf. 
Freunde  zu  Berlin.    1895. 

Beitrage  zur   Gastmlation  beim  Axolotl-  und  Froschei.  Verb.  Anat.  Ges. 

Basel.    1895. 
LoEB,  J.,  Ober  die  relative  Empfindlichkeit  von  Fischembryonen  gegen  Sauer- 

stoffmangel  und  Wasserentziehung  in  verschiedenen  Entwickelnngsstadien. 

Pfluger's  Archiv.    66.   '94. 

Untersuchungen  tiber  die  physiologischen  Wirkungen  des  Sauerstofi^angels. 

Pfluger's  Archiv.    62.   '93. 

Morgan,  T.  H.,  On  the  Amphibian  Blastopore.  Studies  Biol.  Lab.  Johns 
Hopkins  Univ.    IV.    1889. 

Some  Notes  on  the  Breeding  Habits  and  Embryology  of  Frogs.    American 

i)    JNaturalist.   XXV.   1891. 

The  Formation  of  the  Embryo  of  the  Frog.    Anat.  Anz.    IX.    1894. 

Half-Embryos  and  whole  Embryos  from  one  of  first  two  Blastomeres  of 

the  Frog's  Egg.    Anat.  Anz.    X.   1895. 

The  Development  of  the  Frog's  Egg.    New  York.    1897. 

The  Problem  of  Development.  The  International  Monthly.    March  1901. 

Morgan,  T.  H.,  and  Tsuda,  Ume,  The  Orientation  of  the  Frog's  Egg.    Quart 

Joum.  micr.  Science.   XXXV.   1894. 
Pfluger,  E.,  I.  Abhandlung.    Ober  den  Einfluss  der  Schwerkraft  auf  die  Thei- 

lung  der  Zellen.   PflCger's  Archiv.   XXXI.  1883. 
II.  Ibid.    XXXn. 

III.  Cber  die  Einwirkung  der  Schwerkraft  auf  die  Theilung  der  Zellen.  etc. 

Ibid.  XXXIV.  1884. 

Rauber,  a.,  Primitivrinne  und  Urmund.    Morph.  Jahrb.    11.    1876. 

Neue  Grundlegungen  zur  Kenntnis  der  Zelle.    Morph.  Jahrb.  VIII.   1883. 

Furchung  und  Achsenbildung  bei  Wirbelthieren.    Zool.  Anz.    VI.    1883. 

Schwerkraftversuche  an  Forelleneiern.    Berichte  d.  naturforsch.    Gesellsch. 

Leipzig.    1884. 
Uber  den  Einfluss  der  Schwerkraft  auf  die  Theilung  und  das  Wachsthum. 

Ibid.   1884. 
Furchung  and  AchBenbildung.   Zool.  Anz.   EX.   1886. 


312  T.  H.  Morgan 

Roux,  W.,  tlber  die  Zeit  der  BeBtimmung   der  Hauptrichtnngen  des  FroBch- 

embryo.    Leipzig.  1883. 
Ober  die  Entwickelung  der  FroBcheier  bei  Anfhebung  der  richtenden  Wir- 

kung  der  Schwere.    Breslauer  arztl.  Zeitschr.    1884. 
Zur  Orientirung  liber  einige   Probleme   der   embryonalen   Entwickelung. 

ZeitBchr.  f.  Biologie.    XXI.    1883. 
tfber  die  Bestimmang  der  Hauptrichtnngen  des  FroBchembryo  im  £i  und 

Uber  die  erBte  Theilung  des  Froscheies.    Ibid.    1885. 
Die  Bestimmnng  der  Medianebene  dcB  FroBchembryo  durch  die  Kopulations- 

richtungen   dcB   Eikemes  und  des  SpermakemeB.    Arch.   f.   mikr.   Anat 

XXXIX.    1887. 
Uber  die  kilnBtliche  Hervorbringung  halber  Embryonen  dnrch  ZerstSrung 

einer  der  beiden  ersten  FurchungBkugeln  etc.    Virchow'b  Archiv.    CXIV. 

1888. 

Uber   die    Lagerung   des    Materials    des    MeduUarrohres   im   gefurchten 

Froschei.   Verb,  der  Anat.  Gesellsch.   WUrzburg.    1888. 

Zur  Frage  der  Achsenbestimmung  des  Embryo  im  Froschei.    Biol.  Centralbl. 

yill.    1888. 

tlber  das  entwickelungsmechanische   VermOgen  jedes  der  beiden  ersten 

Furchungszellen  des  Eies.    Verh.  d.  Anat.  Gesellsch.    Wien.   1892. 

Ober  die  Mosaikarbeit  und  neuere  EntwickelungBhypotheBen.    Anat  Heffce. 

Merkel  und  Bonnet.    1893. 

Ober  die  Specifikation  der  Furchungszellen  und  iiber  die  bei  der  Post- 
generation und  Regeneration  anzunehmenden  Vorgange.  Biol.  Centralbl. 
XIII.    1893. 

Ober  die  ersten  Theilungen  des  Froscheies  und   ihre  Beziehung  zu  der 

Organbildung  des  Embryo.    Anat  Anz.    VIII.    1893. 

Berichtigungen  zu  0.  Schultze's  jUngstem  Aufsatz  Uber  die  Bedeutung 

der  Schwerkraft  etc.    Archiv  f.  Entwickelungsmech.   X.    1900. 

Bemerkungen    zu    0.  Schitltzk's    Arbeit   iiber   die    Nothwcndigkeit   der 

•freien   Entwickelung*    des    Embryo  etc.    Archiv  f.  Entwickelungsmech. 
IX.    1900. 

Bemerkungen  zu  0.  Schultze's  neuen  Rotationsversuchen  an  Froscheiem. 

Archiv  f.  Entwickelungsmech.   V.    1897. 
Robinson,  A.,  and  Assheton,  The  Formation  and  Fate  of  the  Primitive  Streak, 

etc.    Q.  J.  Micr.  Sc.    XXXII.    1891. 
Samassa,  H..  Ober  die  'auCeren  Entwickelungsbedingungen  von  Rana  temporaria. 

Verh.  d.  deutsch.  Gesellsch.    '96. 
tJber  die  Einwirkung  von  Gascn  auf  die  ProtoplasmastrOmung  und  ZeU- 

theilungen  von  Tradescantia ,  sowie  auf  die  Embryonalentwickelung  von 

Rana  und  Ascaris.    Verh.  d.  naturhist.-med.  Vereins  zu  Heidelberg.   N.  F. 

VI.    '98. 
ScHANz,  Das    Schicksal   des    Blastoporus  bei   den  Amphibien.    Jen.  Zeitschr. 

XXIV.    1887. 
ScurLTZE,  ().,  Beitrag  zur  Entwick^ungsgeschichte  der   Batrachier.     Inaug. 

Diss.    1883. 
Zur  ersten   Entwickelung    des  braunen   Grasfrosches.    Gratalationsscbrift 

f.  v.  KoLLiKER.  1887.    rReview  by  Roux  in  Biol.  Centralbl.    Vll.   1887.) 

Uber  die  Entwickelung  der  Medullarplatte  des  Froscheies.   Verh.  der  phys.- 

med.  GeseUsch.  zu  Wiirzburg.   XXITI.    1889. 


The  Relation  Between  Normal  and  Abnormal  Development  etc.       313 

ScHULTZE,  0.,  Die  kflnstliche  Erzeugung  von  Doppelbildungen  etc.    Archiv  f. 
Entwickelungsmech.    I.   1894. 

(Jber  die  Einwirkung  niederer  Temperatnr  auf  die  Entw'ickelung  des  Fro- 

sches.    I.  Anat.  Anz.    X.    1895. 

Neue  Untersuchungen  Uber  die  Nothwendigkeit  der  richtenden  Wirkung 

der  Schwerkraft  fUr  die  Entwickelung.    Sitz.  d.  Ver.  d.  Phys.-med.  Gesell- 

schaft  zu  Wiirzburg.    VII.    1897. 
Neue  Untersuchnngen  zur  Frage  von  der  Nothwendigkeit  der  Schwerkraft 

fUr  die  Entwickelung.   Verh.  d.  anat.  Gesellsch.  zu  Gent.   1897. 
Ober  die  Einwirkung  niederer  Temperatur  auf  die  Entwickelung  des  Fro- 

sches.   II.  Anat.  Anz.   XVI.    1899. 
Die  bilaterale  Symmetric  des  Amphibieneies.    Verh.  d.  anat.  Gesellsch.  zu 

Tttbingen.    1899. 

Ober  den  Einfluss  des  Lnftmangels  auf  die  erste  Entwickelung  des  Eies. 

Verh.  d.  phys.-med.  Gesellsch.  zu  WUrzburg.    XXXII.    1899. 

Ober  den  Einfluss  des  Lnftmangels  auf  die  erste  Entwickelung  des  Eies. 

Verh.  d.  phys.-med.  Gesellsch.  zu  Wiirzburg.    1899. 
Zur  Frage  von  der  Entwickelung  der  Doppelbildungen.    Centralbl.  f.  allg. 

Pathol,  und  patholog.  Anat.    X.    1899. 

i)ber  Achsenbestimmung  des  Froschembryo.    Biol.  Centralbl.    VII.    1887. 

Die  Entwickelung  der   Keimbliitter    und    der  Chorda  dorsalis  von  Rana 

fusca.   Zeitschr.  f.  wiss.  Zool.    XLVII.    1888. 
Zur  Frage  von  der  Bedeutung  der  Schwerkraft  fUr  die  Entwickelung  des 

thierischen  Embryo.    Archiv  f.  mikr.  Anat.    LVI.    1900. 

itber  das  erste  Auftreten  der  bilateralen  Symmetric  im  Verlaufe  der  Ent- 
wickelung.   Arch.  f.  mikr.  Anat.    LV.   1900. 

(tber  die  Nothwendigkeit  der  freien  Entwickelung  des  Embryo.    Arch.  f. 

mikr.  Anat.    LV.    1900. 
SciiwiNK,  F.,  iSher  die  Gastrula  bei  Amphibieneiern.  Biol.  Centralbl.  VIII.  1888. 
Wilson,  H.  V.,  Formation  of  the  Blastopore  in  the  Frog's  Egg.    Anat.  Anz. 

XVIII.    1900. 
Closure  of  the  Blastopore  in  the  normally  placed  lYog's  Egg.    Anat.  Anz. 

XX.    1901. 


Description  of  Figures. 

Plates  Vm— ZU. 
For  description  of  figures  see  text 

Figs.  1 — 46.  From  eggs  that  had  been  put  on  the  centrifugal  machine  in  the 
128-cell  stage  and  left  71/2  hours. 
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Figs.  63 — 66.    » Ring-embryos «  found  in  normal  bunch  of  eggs. 
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The  Internal  Factors  in  the  Regeneration  of  the  Tail 

of  the  Tadpole. 


By 
T.  H.  Morgan  and  8.  E.  Davis. 


With  11  figures  in  text. 


Eingegangen  ani  10.  Jnni  1902. 


The  object  of  the  following  experiments  was  to  determine  whether 
both  the  nerve-cord  and  the  notochord  are  necessary  for  the  regen- 
eration of  the  tail  of  the  tadpole,  or  whether  one  or  the  other  of 
these  structures  will  suffice,  or  in  the  absence  of  both  structures  at  the 
cut-end  whether  a  new  nervous  system  and  notochord  will  regenerate. 

Method:  Large  tadpoles  of  Rana  palustris,  measuring  about  55 
to  70  mm  were  used.  After  etherization  the  tail  was  cut  off  squarely 
somewhat  distal  to  the  middle,  then  by  means  of  two  longitudinal 
cuts,  as  shown  in  Fig.  I,  a  piece  of  the  middle  of  the  tail  was  cut 
out  and  separated  from  the  rest.  The  part  removed  included  in 
some  cases  both  the  nerve-cord  and  notochord;  in  other  cases  only 


I. 

one  of  these  structures.  This  operation  was  carried  out  in  two 
different  ways.  In  the  first  series  the  middle  piece  was  cut 
out  only  from  one  side.  While  this  operation  succeeded  for  the 
notochord  it  was  not  well  suited  for  the  removal  of  the  nerve-cord. 
In  later  operations  the  two  longitudinal  cuts  extended  through  the 
entire  thickness  of  the  tail  (as  shown  in  Fig.  I).      The  middle  piece 
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was  then  cut  oflF  at  its  proximal  end.  We  found  it  better  to  draw 
together  the  upper  and  lower  parts  of  the  tail  by  means  of  one  or 
two  stitches  through  one  side. 

The  tadpoles  were  kept  in  water  in  glass  dishes,  and  killed  at 
intervals  of  from  five  weeks  to  three  months.  Those  individuals 
in  which  the  tail  failed  to  heal,  or  in  which  the  cut-region  sloughed 
oflf  were  eliminated.  The  tadpoles  were  killed  in  corrosive-acetic 
solution,  stained,  imbedded,  and  cut  into  sections. 

Results:  The  experiments  fall  into  three  categories;  A,  in 
which  both  the  nerve-cord  and  notochord  were  removed ;  B,  in  which 
only  the  nerve-cord  was  removed;  C,  in  which  only  the  notochord 
was  removed. 

A.  In  one  case  in  which  both  the  nerve-cord  and  notochord  had 
been  taken  out,  neither  grew  down  through  the  cut-region   of  the 


n. 


in. 


old  part,  (Fig.  11).  The  notochord  had  however,  begun  to  grow  out 
into  the  cut-region,  and  the  new  part  was  rounded  but  had  not  made 
a  new  tail.  It  was  covered  by  ectoderm  and  contained  connective 
tissue  in  its  interior.  There  was  an  entire  absence  of  nerve-cord 
and  notochord  in  the  new  part.  There  were  three  other  cases  of 
this  sort. 

In  another  case  the  notochord  had  extended  backward  through 
the  cut-region,  and  had  then  continued  on  into  the  new  part,  which 


IV. 


V. 


was  longer  than  in  the  last  case,  and  appeared  to  be  forming  a 
new  tail,  (Fig.  III).  The  nerve-cord  had  not  extended  through 
the  cut-region,  and  consequently  there  was  no  nerve  cord  in  the 
new  tiiil. 

Archiv  1  Entwickeluogsinechanik.    XY.  ''^ 
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In  a  third  case  the  notochord  had  slipped  out  of  its  sheath,  and 
the  latter  was  left  in  the  middle  of  the  cut-region,  and  extended 
to  the  cross-cut  surface.  From  its  end  a  very  small  rod  of  new 
cells  representing  a  new  notochord  had  extended  into  the  new  tail, 
which  was  quite  long,  Fig.  IV.     The  nerve-cord  had  extended  for 


VI. 


vn. 


only   a  short  distance,   if  at  all,  into  the  cut-region,  and  had  not 
reached  back  to  the  cross-cut  surface. 

B.  In  the  first  case  in  which  the  nerve-cord  had  been  cut  out 
a  long,  new  tail  (Fig.  V)  had  grown  out  from  the  cross-cut  surface. 
It  contained  a  prolongation  of  the  notochord.  The  nerve-cord  in  this 
case  had  not  grown  out  through  the  cut-region.  There  were  three 
other  cases  of  this  sort.  In  the  next  case.  Fig.  VI,  a  long  new 
tail  had  also  grown  out  from  the  cross-cut  surface  and  contained  a 
new  notochord.  The  distal  end  of  the  tail  was  subdivided  into  lobes. 
In  this  same  case  a  lateral  outgrowth  of  the  notochord  extended 
into  another  tail-like  lobe  that  arose  from  the  proximal  end  of  the 


vui. 


IX. 


cut -region.  It  is  probable  that  the  notochord  had  been  injured 
when  the  nerve- cord  had  been  cut  off  at  this  level,  and  that  the 
notochord  sent  out  a  lateral  growth,  around  which  the  lateral  tail 
formed.  The  new  nerve-cord  followed  this  lateral  outgrowth,  and 
extended  nearly  to  its  tip.  There  is  no  nerve-cord  in  the  new  tail 
at  the  distal  end. 

In  another  case,  Fig.  VII,  a  new  tail,  forked  at  its  end,  had 
grown  out  from  the  cross-cut  surface,  and  contained  a  prolongation 
of  the  notochord.  The  nerve-cord  had  not  extended  beyond  the  level 
at  which  it  had   been  cut  off.     There  was  another  case  like   this 
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one.  In  a  fourth  case  a  long  new  tail,  also  forked  at  its  end  and 
containing  a  notochord,  had  developed.  The  nerve  cord  had  been 
incompletely  removed,  and  pieces  had  been  left  at  three  points 
along  the  cut-region,  (Fig.  VIII).  Nevertheless  a  new  nerve-cord 
had  not  been  formed. 

C.  When  the  notochord  had  been  taken  out  and  the  nerve-cord 
left,  the  result,  in  one  case,  Fig.  IX,  showed  that  the  notochord 
failed  to  regenerate,  and  consequently  it  was  absent  throughout  the 
cut-region.  The  nerve-cord  left  in  this  region  extended  to  the  cut- 
end,  but,  although  its  end  formed  a  rounded  knob,  a  new  tail  had 
not  developed.  There  was  another  case  of  this  sort.  In  another 
case  a  slender  notochordal  rod  had  regenerated  from  the  cut-end  of 
the  old  notochord  and  extended  through  the  cut -region.  It  had  not 
yet,  after  five  weeks,  grown  into  the  new  part,  Fig.  X.    This  new 


X  XI. 

part  is  still  short.  Whether  if  the  new  notochord  had  grown  into 
it  a  new  tail  would  have  later  developed  we  have  no  means  of 
determining.  The  nerve-cord  had  not  grown  beyond  the  level  at  which 
it  had  been  cut  oflF. 

In  two  other  cases  the  notochord  had  grown  through  the  cut- 
region  and  into  a  new  tail,  Fig.  XL  The  nerve  cord  had  also  gcown 
into  the  new  tail. 

In  another  case  a  piece  of  the  notochordal  sheath  had  been 
left  accidently  in  the  cut-region.  From  its  end  a  new  notochord 
had  developed,  which  extended  into  the  new  forked  tail.  Lastly  in 
one  instance  although  a  piece  of  the  notochord  had  been  left  in 
the  cut-region  a  new  notochord  had  not  developed  and  a  new  tail 
had  not  been  formed. 

Conclusions. 

The  foregoing  results  show  that  the  presence  of  the  notochord 
at  the  cut-surface  is  necessary  for  the  regeneration  of  a  new  tail  of 
the  tadpole.  In  the  absence  of  the  notochord,  the  nerve-chord,  if 
present  at  the  cut  end,  is  insufficient  for  the  regeneration  of  a  new 
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THE  FOLLICLE  SACS  OF  THE  AMPHIBIAN  OVARY. 

HELEN  DEAN  KING. 

In  1738,  Swammerdam  (6)  stated  that  just  after  the  eggs  of 

• 

the  frog  have  been  laid,  one  can  find  on  the  inner  wall  of  the 
ovary,  **  some  empty  and  very  delicate  membranes  which  had 
serx'^ed  to  invest  the  eggs  that  had  been  already  discharged  from 
the  ovary.  .  .  .  These  particles  were  most  beautifully  interwoven 
with  blood  vessels  to  which  they  were  fixed  as  to  so  many 
stalks."  Swammerdam  does  not  give  the  origin  of  these  mem- 
branes nor  does  he  state  how  the  eggs  pass  from  the  ovary  into 
the  body  cavity. 

Over  one  hundred  years  later,  Thompson  (7)  wrote  that  the 
ovarian  egg  of  the  frog  and  toad  •*  is  surrounded  by  a  thin  vas- 
cular sac  formed  by  the  dilation  of  the  ovisacs  which  hang  into 
the  genefi-al  ovarian  cavity.  This  capsule  or  ovisac  is  attached  to 
the  rest  of  the  ovarian  substance  by  a  broad  band  rather  than  by 
a  narrow  pedicle ;  and  when  the  yolk  or  ovarian  ovum  is  mature^ 
it  escapes  from  the  ovisac  by  the  formation  of  an  aperture  in  the 
remote  or  free  side  of  this  capsule,  somewhat  in  the  same  man- 
ner as  occurs  in  the  calyces  of  the  bird,  but  with  a  wider  aperture. 
Through  the  apertures  of  the  general  ovarian  capsule  the  numer- 
ous ova  pass  into  the  abdominal  cavity."  In  thus  stating  that 
the  ovarian  eggs  first  fall  into  the  general  cavity  of  the  ovary  and 
later  pass  into  the  body  cavity  through  openings  in  the  ovarian 
wall,  Thompson  is  in  agreement  with  earlier  writers,  Rathke  (4) 
and  LerebouUet  (3).  More  recently  this  view  has  been  opposed 
by  Brandt  (i)  who  examined  the  outer  surface  of  the  ovary  of 
Rana  temporaria  as  the  eggs  were  about  to  pass  into  the  body 
cavity  and  found  a  round  hole  above  each  eg^  through  which  a 
larger  or  smaller  part  of  the  egg  protruded.  This  discovery  led 
him  to  state:  "  Es  ist  mithin  klar,  dass  fiir  jedes  svcVv\o^^tv^^^\ 
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eine  besondere  Austrittsoffnung  in  die  Peritonealhohle  hergestellt 
wird." 

According  to  Brandt,  the  ovarian  egg  of  Rana  is  surrounded 
by  membranes  whose  origin  he  describes  as  follows :  **  Die 
Folhkel  des  Ovariums  diirften  dadurch  entstehen,  dass  die  einzel- 
nen  sich  vergrossernden  Eianlagen  von  den  benachbarten,  sich 
proliferirenden  und  abplattenden  Elementen,  sowie  von  den 
Bindegewebselementen  der  Ovarialwandung  umwachsen  werden." 
These  membranes  are  said  to  form  the  follicle  sacs  that  are  found 
on  the  inner  wall  of  the  ovary  after  the  eggs  have  passed  into  the 
body  cavity,  but  no  mention  is  made  of  their  later  histor>^  Dur- 
ing his  investigations,  Brandt  carefully  injected  colored  fluids 
into  the  ovary  just  after  the  eggs  had  been  laid  and  found  that 
none  of  the  fluid  ever  came  through  the  walls  of  the  follicle  sacs. 
He  was  thus  able  to  show  conclusively  that  there  is  no  commu- 
nication between  the  cavity  of  the  ovary  and  the  body  cavity 
through  the  walls  of  the  follicle  sacs.  The  latter  have  but  the 
one  opening  which  leads  outward  into  the  body  cavity. 

The  investigations  recorded  in  the  present  paper  were  made  to 
supplement  the  work  of  Brandt  and  others  with  a  more  detailed 
description  of  the  origin  and  fate  of  the  follicle  sacs  of  the  am- 
phibian ovary.  Obser\'ations  were  made  on  three  different 
amphibians,  Bnfo  Icntiginosus,  Rafia  palustris  and  Hyla.  The 
general  description  and  the  drawings  (made  with  a  camera 
lucida)  are  taken  entirely  from  Bufo  lentiginosus  as  I  had  a  much 
more  complete  series  of  this  species.  As  the  relatively  few 
stages  of  Rana  and  Hyla  at  my  command  confirmed  the  results 
obtained  on  Bufo  in  every  respect,  a  separate  description  of  the 
follicle  sacs  in  these  two  amphibians  seemed  unnecessary  and  is, 
therefore,  omitted.  In  preparing  the  material  for  study,  small 
portions  of  the  ovary  were  fixed  in  corrosive-acetic,  and  then 
stained  on  the  slide  either  with  iron-haematoxylin,  or  with  a  mix- 
ture of  Lyon's  blue  and  borax  carmine,  as  described  in  a  previous 
paper  (King,  2). 

The  ovary  of  Bufo  lentiginosus  consists  of  several  distinct  com- 
partments, agreeing  in  this  respect  with  the  ovary  of  various 
species  of  frogs,  according  to  the  observations  of  Rathke,  Lere- 
boullet,  Brandt  and  Schultze(5).     The  walls  of  these  compart- 
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ments  are  made  up  of  two  membranes  which,  as  a  rule,  are 
separated  some  distance,  although  occasionally  they  lie  so  close 
together  that  they  appear  to  be  completely  united.  The  outer 
membrane  is  single,  compact,  and  of  nearly  uniform  thickness 
throughout  the  entire  ovary.  The  inner  membrane,  on  the  con- 
trarj-,  appears  in  some  places  to  be  very  similar  in  structure  to  the 
outer  one  ;  in  other  parts  of  the  ovary  it  is  found  to  be  composed 
of  two  thin  layers  which  always  lie  close  together  and  arc  con- 
nected at  frequent  intervals.  Cells  with  very  large  nuclei  are 
closely  applied  to  the  outer  and  inner  surfaces  of  these  mem- 
branes and  are  also  present  in  the  spaces  between  them.  (Figs. 
3-6,  0.  W.) 

The  eggs  develop  between  the  two  membranes  composing  the 
wall  of  the  ovary.  As  they  increase  in  size,  they  press  against 
the  inner  membrane  of  the  ovarian  wall  and  cause  it  to  project 
more  and  more  into  the  cavity  of  the  ovary.     Part  of  the  ovarian 


Fig.  t.  A  portion  of  an  ovarian  egg  showing  the  manner  of  Us  slUchinent  to  the 
wall  of  the  oviiy.  Z.  P.  Zona  pellucida;  O.  W-,  outer  wall  of  Ihe  ovaiy.  Zeiss. 
ODJ,  A.  Oc.  4- 

wall  comes,  therefore,  to  form  a  sac  that  incloses  the  egg  and 
supplies  it  with  nourishment  as  long  as  it  remains  in  the  ovary. 
When  the  egg  is  still  quite  small,  there  is  formed,  close  to  its 
outer  surface,  a  true  egg-membrane,  the  "zona  pellucida"  or 
"chorion,"  which  is  thick  and  seemingly  homogeneous  in  struc- 
ture (Fig.  2,  Z.  P.).  This  membrane  which  is  formed,  probably, 
by  the  numerous  follicle  cells  that  are  scattered  all  over  the  sur- 
face of  the  egg,  surrounds  the  egg  during  its  growth  and  matura- 
tion periods  and  is  invariably  found  around  all  eggs  taken  from 
the  body  cavity.  Numerous  cells  and  occasionally  blood  cor- 
puscles (Fig.  2,  C.)  are  found  between  and  under  the  two  layers 
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of  membrane  which  form  the  outer  covering  of  the  egg.  These 
cells,  which  are  usually  oblong  in  shape,  contain  a  small  amount 
of  faintly  staining,  granular  protoplasm,  and  a  very  large,  rounded 
nucleus  with  one  nucleolus.  The  chromatin  is  either  collected  in 
masses  along  the  nuclear  wall,  or  it  is  in  the  form  of  a  more  or 
less  regular  network  scattered  throughout  the  nucleus. 

Ordinarily,  when  the  egg  of  Bufo  lentiginosus  is  ready  to  lea\'e 
the  ovary,  it  has  a  diameter  of  about  i .  5  mm.  and  from  0.60-0.70 
mm.  of  its  surface  is  in  contact  with  the  outer  membrane  of  the 
ovarian  wall  (Fig.  i).  In  the  great  majority  of  cases,  the  egg 
is  attached  at  the  equatorial  region  as  in  Fig.  i  ;  but  it  is  not  un- 
common to  find  among  the  eggs  thus  attached,  one  with  its 
black  or  its  white  pole  against  the  outer  membrane. 


Fiu.  3,  Pan  of  an  ovariai)  egg  highly  mognitied,  showing  ihe  slrucmrE  of  the 
membranes  surrounding  the  egg.  C,  blood  corpuscle;  V,  yolk  ; 'Z.P.,  Zona  i>dlu- 
cidtt.     Zeiss  apoc.  z  mm.  Oc.  8. 

By  what  means  the  ovarian  wall  is  ruptured  and  the  eggs  set 

free  into  the  body  cavity  is  not  known.  This  process  cannot  be 
connected  with  the  breaking  down  of  the  germinal  vesicle,  because 
the  nucleus  degenerates  and  the  first  polar  spindle  is  formed  some 
time  before  the  egg  leaves  the  ovary,  as  I  have  shown  in  a  pre- 
vious paper  (2) ;  neither  can  it  be  due  to  the  way  in  which  the 
eggs  are  attached  to  the  ovarian  wall,  for,  as  I  have  stated  above, 
the  mode  of  attachment  varies  with  individual  eggs.  Apparently 
the  eggs  must  reach  a  definite  stage  of  development  before  they 
break  away  from  the  wall  of  the  ovary,  because,  although  I  have 
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sectioned  a  large  number  of  eggs  taken  from  the  body  cavity, 
I  have  never  found  a  single  one  in  which  the  polar  spindle  was 
not  fully  formed  with  the  chromosomes  arranged  along  the 
spindle  fibers.     Brandt  suggests  that  there  may  be  an  active  con- 


KlG.  3.     l.ongitudmal  SKtioo  or  a  follicle  sac  just  after  the  egg  has  passed  into 
the  body  cavity.     C,  blood  corpuscles;  O.  W.,  ovary  wall.     Zeiss  obj.,  D.  Oc.  4. 

traction  of  the  follicle  sac  when  the  egg  is  ready  to  leave  the 
ovary,  and  that  this  contraction  stretches  the  base  of  the  follicle 
and  causes  a  rupture.  How  such  a  contraction  takes  place  with- 
out the  presence  of  muscles  in  the  walls  of  the  follicle  sac  is  not 
at  all  clear.  It  seems  to  me  that  the  rupture  of  the  ovarian  wall 
is  more  likely  to  be  due  to  some  activity  on  the  part  of  the  egg 
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itself.  Possibly  there  is  a  slight  increase  in  the  size  of  the  egg 
at  this  time  which  produces  sufficient  pressure  on  the  surround- 
ing membranes  to  cause  a  break  at  the  weakest  point.  This 
would  seem  to  be  where  the  egg  is  attached,  because  here  there 
are  only  two  membranes  over  the  egg  instead  of  three  (Fig,  i ). 
This  suggestion,  however,  fails  to  account  for  the  rare  cases 
where  the  egg  breaks  through  its  membranes  and  falls  into  the 
cavity  of  the  ovary.  Such  eggs  never  leave  the  ovary ;  sooner 
or  later  they  undergo  degenerative  processes  and  are  gradually 
absorbed,  as  are  also  the  few  eggs  that  do  not  leave  the  meni- 


l'*m.  4.  Part  of  the  follicle  sac  shown  in  fig.  3  more  highly  mngnilicd.  Zeis.' 
apoc.  2  mm.     Oc.  8. 

branes  at  all  but  remain  attached  to  the  ovarian  wall.  In  the 
latter  case  the  eggs  are  almost  invariably  smaller  than  those  taken 
from  the  body  cavity,  and.  therefore,  retarded  development  may 
explain  their  failure  to  undergo  normal  processes. 

On  spreading  out  a  piece  of  the  collapsed  ovary  after  the  eggs 
have  pas.scd  into  the  body  cavity,  one  can  plainly  see  the  numer- 
ous follicle  sacs  without  the  aid  of  a  microscope.  These  sacs 
vary  in  length  from  0.36  mm.  to  0.54  mm.,  and  their  walls  are 
very  much  wrinkled  and  folded.     Although  from  0.60  to  0.70  of 
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the  mature  ovarian  egg  is  in  contact  with  the  outer  membrane  of 
the  wall  of  the  ovary,  I  have  never  found  the  opening  of  an  empty 
follicle  sac  to  be  more  than  0.38  mm.,  the  average  being  o. 20 
mm.  This  shows  that  the  edges  of  the  opening  tend  to  close 
in  as  soon  as  the  egg  has  passed  out  of  the  ovary. 

On  examining  a  longitudinal  section  of  an  empty  follicle  sac 
(F'S-  3).  o"^  fi"ds  that  the  two  layers  of  which  its  walls  are 
composed  are  united  at  frequent  intervals,  and  that,  on  the  wall 
and  in  the  spaces  between  the  layers,  there  are  numerous  cells. 


F[G.  5.     A  portion  of  the  wall  of  a  follicte  sac  after  degenerative  changes  have 
begun.     Zeiss,  apoc.  2  mm.  Oc,  8. 

Sections  of  the  small  blood  vessels  which  supplied  the  eggs  with 
nourishment  are  also  found  occasionally  (Fig.  3,  C).  The  cavity 
of  the  follicle  sac  is  lined  with  cells,  several  layers  deep  in  places, 
particularly  at  the  closed  end  of  the  sac.  These  cells  are  doubt- 
•less  the  ones  that  lay  between  tlie  zona  pellucida  and  the  outer 
covering  of  the  egg  at  an  earlier  period,  and  their  confinement  in 
a  much  smaller  space  must  explain  why  they  appear  so  numer- 
ous, as  I  have  never  found  any  evidence  of  cell  division  at  this 
time. 

A  part  of  the  wall  of  a  follicle  sac  more  highly  magnified  is 
shown  in  Fig.  4.     The  cells  lining  the  cavity  ol  ^.Vc  s^c  mc  ^kr-o. 
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to  be  very  closely  packed  together,  and  there  is  rarely  an  inter- 
cellular space  to  be  found.  These  cells  have  the  same  characteris- 
tics as  those  shown  in  Fig.  2  ;  namely,  a  very  large  nucleus  con- 
taining one  nucleolus,  a  small  amount  of  granular  protoplasm, 
and  chromatin  partly  in  the  form  of  a  network,  and  partly  in 
masses  scattered  along  the  wall  of  the  nucleus. 

On  examining  the  ovary  of  a  toad  killed  about  three  weeks 
after  the  eggs  had  been  laid,  one  finds  that  the  openings  of  the 
follicle  sacs  into  the  body  cavity  have  closed,  and  that  the  outer 
membrane  of  the  ovarian  wall  is  again  continuous.  Each  fol- 
licle sac  appears  at  this  time  as  a  blind  pouch  projecting  from  the 
inner  side  of  the  ovary.  The  cells  lining  the  cavity  of  the  sac  are 
beginning  to  show  the  degenerative  changes  that  are  very  marked 
in  the  ovaries  of  toads  killed  the  latter  part  of  May.  The  most 
noticeable  changes  are  those  which  are  taking  place  in  the  nu- 
cleus (Fig.  5).  Although  at  this  time  the  nucleus  is  still  round  or 
oval,  its  outline  is  somewhat  more  irregular  than  it  was  at  an 
earlier  period,  and  most  of  its  chromatin  is  collected  in  from  one 
to  four  rounded  masses  that  stain  black  with  iron-haematoxylin 
and  a  deep  red  with  the  borax  carmine  and  Lyon's  blue  mixture 
used.  The  protoplasm  of  the  cells  appears  very  granular,  and 
it  stains  so  feebly  that  it  is  often  very  difficult  to  determine  the 
cell  outlines.  Such  changes,  as  a  rule,  are  first  apparent  in  the 
innermost  cells  that  soon  break  away  from  the  rest  and  become 
scattered  throughout  the  cavity  of  the  follicle  sac.  These  free 
cells  never  show  any  pseudopodia ;  on  the  contrary,  they  are 
more  rounded  than  are  the  cells  still  attached  to  the  walls  of  the 
follicle  sac,  and  it  is  therefore  impossible  to  determine  whether 
they  have  the  power  of  independent  movement  or  not. 

Although  I  have  examined  the  ovaries  of  many  toads  killed 
during  the  month  of  June,  I  have  not  been  able  to  determine 
whether  the  cells  lining  the  follicle  sacs  are  destroyed  by  the 
leucocytes,  as  are  the  eggs  that  fail  to  leave  the  ovary,  or  whether 
they  disintegrate  and  are  absorbed  by  the  cells  of  the  ovarian 
wall.  In  all  the  toads  killed  at  this  time,  either  the  cells  within 
the  follicle  sacs  were  undergoing  degenerative  changes  similar  to 
those  shown  in  Fig.  5,  or  else  the  cavity  of  the  follicle  sac  was 
nearly  obliterated  and  no  traces  of  the  cells  could  be  found.      It 
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is  evident  that  the  final  stages  in  the  disappearance  of  these  cells 
take  place  very  quickly  and  that  a  large  amount  of  material 
would  be  necessary  in  order  to  trace  their  entire  history.  A 
longitudinal  section  of  one  of  the  follicle  sacs  found  in  the  ovary 
of  a  toad  killed  on  the  fifth  of  June  is  represented  in  Fig.  6.  The 
sac  measures  0.13  mm.  in  length  and  is,  therefore,  about  one 
third  its  original  length.     The  walls  of  the  sac  are  thinner  and 


Fin.  6.  A  longimdinal  section  of  a  degenerating  follicle  »c  (akeii  froin  the  ovary 
of  ■  toed  killed  on  the  dlib  of  June.     Zeiss  apoc.  2  mm.     Oc.  4. 

much  less  folded  than  they  were  at  an  earlier  period,  and  its 
cavity  has  nearly  disappeared.  Numerous  cells  are  found  closely 
applied  to  the  walls  of  the  sac  at  this  time,  but  they  show  no  de- 
generative changes,  and  are  undoubtedly  concerned  in  the  ab- 
sorption of  the  follicle  sac  itself.  Much  smaller  structures  of 
the  same  general  character  as  that  shown  in  Fig.  6  can  be  seen 
in  the  ovaries  of  toads  killed  the  latter  part  of  June  ;  but  after 
this  time  no  traces  of  them  can  be  found. 

The  follicle  sacs,  having  served  the  important  function  of  at- 
taching the  eggs  to  the  walls  of  the  ovary  and  of  supplying 
them   with    nourishment   during    their   growth    period,   are   of 
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no  further  use  after  the  eggs  pass  into  the  body  cavity. 
They  therefore  undergo  rapid  degeneration  and  absorption  to 
make  room  for  the  young  eggs  that  are  in  the  process  of  devel- 
opment. 
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